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STATEMENT OF FOCUS

Individually Guided Education (IGE) is a new comprehemsive ~
system of elementary education. The following components of the
IGE system are in varying stages of development and implementation:
a new organization for instruction and related administrative
arrangements; a model of inmstructional programing for the indi~-

- vidual student; and curriculum components in prereading, reading,
“ . mathematics, motivation, and environmental education. T} develop-

tment of other curriculum components, of a system for managing in-
struction by computer, and of instructional strategies i3 needed
to complete the system. Continuing programmatic research 1s required

. to provide a sound knowledge base for the components unde ¢ develop-
"~ ment and for improved second generation components. Finally, sys-

tematic implementation is essential so that the products will function
properly in the IGE schools. -

, The Center plans and carries out the research, development,

and implementation components of its IGE program in this sequence:
(1) identify the needs and delimit the compoment problem area;

(2) assess the possible constraints~~financial resources and avail-
ability of staff; (3) formulate general plans and specific procedures
for solving the problems; (4) secure and allocate human and material
resources to carry out the plans; (5) provide for effective communi-
cation among personnel and efficient management of activities and
resources; and (i) evaluste the effectiveness of each activity and
1ts contribution to the total program and correct any difficulties
through feedback mechanisms and appropriate management techniques.

A self-renewing system of elementary education is projected in
each participating elementary school, i.e., one which is less dependent
on external sources for direction and is more responsive to the needs
of the children attending each particular school., In the IGE schools,
Center-developed and other curriculum products compatible with the
Center's instructional programing model will lead to higher morale
and job satisfaction among educational personnel. [Each developmental
product makes its unique contribution to IGE as it is implemented in
the schools. The various research components add to the knowledge of
Center practitioners, developers, and theorists.
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ABSTRACT
The purpose of this study‘was to empirically test a set of pre-

dictions implied by the Model of Conceptual Learning and Development

using the conéepc of cutting tool.

Four subtests ware developed to assess a subject’'s ability to
perform at each of four successive levels of concept attainment
(concrete, identity, classificatory and formal). Invaddition, three
subtes?s were constructed to determine the extent to which a subject
could use the concept cutting gggL to cognize other concepts related
ﬁo cutting tool as being supraordinate, coordinate or subordinate, to
understand cause-and-effect and other relationships vhen cutting tool
or its attributes were incorporated in a primciple, and in problem-
solving situations. The subtests were designed to elicit behaviors
that reflected underlying cognitive operations that differentiated
among the four levels and three uses. The subjects were kindergarten,
third, sixth and ninth grade children.

Each of the five major prcdictionc specified by the Model of Con-
ceptual Learning and Development were confirmed. The essential findings
of the study were:

(1) The pioportion of subjects who passed each successive
attainment level increased as a function of age.

(2) Subjects who passed any one of the four attainment levels
passed all of the preceding lower levels. *

(3) Subjects who attained the concept of cutting tool at

the formal level used the concept more effectively in

cognizing supraordinate-subordinate relationships, in

xiid



understanding principles and in problem-solving situations
than subjects who only attained che concept of cu::ingw
tool at the classificatory level.

(4) Subjects who knew the label and .ne defining attributes

of cutting tool as well as the definition performed better
on the three concept uses than subjects who d1d not.
(5) A higher pexcentage of each successive grade group passed

each of the concept uses.
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Chapter I
INTRODUCTION

The study of concept learning has played an important part in
revealing how~human thought develops over the life span. During the
past several decades, a great deal of experimentation relating to the
nature of concept learning has been conducted. Both learning apd dev-
elopmental psychologiéts have been equally concerned with a;Cempting
to elaborate psychological theories of concept learning. In addiéion,
educational psychologists have recognized concept attainment as an :
important form of school~related learning.

A great majority of the stﬁdies that deal with the nature of
concept learning have been conducted in the experimental laboratory.
While these studies'have contributed both to the building and vali-
dation of theory and to the development of a scientific method of
investigation, such studies have, however, significant limitations.
These limitations have reduced the contribution these studies have
made to both theory and practice.

Laboratory experimentation has generally dealt with aspects of
the process of concept learning that have only a limited and inde~
terminate relationship to the process by which concepts are learned
{n the natural environment. Additionally, such studies have examined

the acquisition of concepts that have little practical significance

Loy
~rey

w1



2

for the educator concerned with the process of teaching concepts related

to various subject-matter fields. Clarke (1970) has indicated that it

has only been within the last decade that the principles of concept
learning derived from the laboratory have begun to be implemented in
the classroom.

The instructional variables used in teaching concepts in the
laboratory as well as the various ways the attainment of concepts have
been inferred further restrict the value of many of these studies.

It has been observed that only a few of many potentially powerful
instructional variables have been experimentally manipulateé (Frayer,
1970). Generally, the sequence in which ekamples and non-examples

of the concept are presented is the sole independent variable. Such
studies have also limited the assessment of concépt learning to the
measurement of reaction times, trials or number of errors made in the
classification of concept examples and non-examples. It appears that
a larger sample of instructional variables and evaluative measures
could be employed in an effort to determine the optimal manner in which
to teach concepts as well as to evaluate the degree to which particular
concepts have ﬁeen mastered.

The limited &sefullness of laboratory studiesfis also due to a
neglect of external validity considerations (Canpgﬁl & Stanley, 1963).
In these studies, college-age students usually céﬁstitute the sampling
pool. Clearly, cognitive variables that are detfrmined to be cruciﬁl
for the mastering of concepts by college sophom&res may be irrelevant

to the nature of concept learning of third grade students. A wider

age range of subjects needs to be employed especially if one's

36
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3
concern is with the application of knowledge gained from the laboratory
study to the classroom.

Resgarchers at the Wisconsin Research and Development Center for
/,="‘“€egg3cive Learning have been engaged in the study of concept learning
*. /) | during\the past 12 years. The substantial amount of work completed
{ at the Qenter has been concerﬁed with two basic types of research, One
N type eﬁ/research has pertained to chexexternal and internal conditions

p \
. of concept learning. Research dealing with external conditions of

concept learning has involved the identification of instructional vari-
ables such as the number of examples and non-examples, the ratio of
examples to non-examples, relevant attribute emphasis, and the presence
or absence of a definitiongthat affect the manner in which a concept
is presented to the learner (Kalish, 1966; Lynch, 1966; Smuckler, 19663
Blount, Klausmeier, Johnson, Fredrick & Ramsay, 1967; Miller & Davis,
1968; Frayer, 1970; Nelson, 1972; Feldman, 1972: Swanson, 1972). The
{nternal conditions of concept learning refer to charactexistics of
the learner such as age, level of conceptual ability and development,
and socio~economic status that'hnje been sho;n to determine the level
at which a concept is obtained (Fredrick, 1965, 1968; Lemke, Klausmeier
& Harris, 1967; Jones, 1968; Klausmeler, Harris, Davis, Schwenn & Frayer,
1968; Nelson, 1971; Nelson, in press).

The ‘second line of research involves the analysis of concepts
taught in the classroom. Such agalyaea involve the specification of the
'concep: definition, of the defiﬁipg and irrelevant attributes of the concept,

and of concept examples and non-examples (Harris & Golub, 1971; Harrxis

& Romberg, 19/1; Golub, Fredrick, Nelson & Frayer, 1971; Tabachnick,

1
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Weible & Frayer, 1971; Voelker, Sorenson & Frayer, 1971).

At the Center, as a result of the extensive research program that has
dealt with the variables and processes of concept learning, a model that
relates the cognitive operations involved ih concept learning to the'mastery
level of specific concepts of varying leve;s of inclusiveness and abstract-
ness has been formulated (Klausmeier, Gh;tala, & Frayer, in press.) The
Model of Conceptual Learning and Development (FLD model) relates hypothesized
cognitive operations involved in the learning of concepts to four hier-
archically distinct and Sucéessive levels of concept attainment. In
addition, the CLD model indicates that attainment of a concept at one
of the four levels of concept attainment determines whether a concept
can be used to cognize suptaordinate-subordinate relationships, to
understand principles, to identify examples and non~-examples of the
concept and to solve problems (concept uses).

The CLD model can be seen to serve two primary research functions.
First, the CLD model provides a conceptual framework for the organi-
zation and integration of concept learning research conducted at thé
Center and elsewhere. The internal and external conditions of concept
learning previously described affect the lavel at which & goncept 1is
attained. In addition,thosd concept variables that are examined in the
analysis of concepts are crucial in the design of behavioral measures
from which mastery of the four attainment levels is inferred.

The CLD model has also been utilized to formulate theoretical
guidelines in the conducting of research that deals with the assessment
of the normative pattern of conceptual development of school-age

children. Several of these studies (Klausmeier, Ingison, Sipple &

15
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Katzengeyer. in press; Klausmeier, Ingisoﬁ:&~81pple, in press) that
have been conducted at the Center have dealt with éome of the problems
that have limited the usefulness bf prévioué concep: learning experi-
mentation. This ongoing r§sgarch éffort has included the selection of
a wide range of concepts used in the assessment of the conceptual dev-
elopment of children, Careful attention'haé been directed towards the
specification of-the eséential characteristics of the con@epc (Frayer,
1970). A set of clearly ?perationalized'and.&iffetentigted.respdnse
measures has been_developgd to assess the level at vhicﬁ'a'concep; iB
attained., In addition, a wide range of ;ubjects of differ;nt Qges have
been compared on the same measures oﬁ'concept attainment.

Currently, several studies are being conducted at the Center to
validate a set of predictions concerning the normative pattern of con-
ceptual development of school-age children that are specified by the

CLD model. This study is a part of the ongoing research program.

Purposes apd Hypotheses of the Study
The purpose of the present study was to empirically test predi-

ctions specified by the CLD model using the concept of cutting tool.

The specific predictions were:’

(1) 'The proportion of subjects passing the successive attainment
levels will increase ép a function of grade group.

(2) Subjects who pass anﬁ'one of the four attainment levels will
also have passed all of the preceding lower levels.

(3) Subjects who attain a concept at the formal level will use

the concept more effectively in cogniz.ng supraordinate~

19



subordinate relationships in understanding principles and
in problem-solving than subjects who have only attained the
concept at the classificatory level.

(4) Subjects who know the label of the concept and its defining
attributes as well as the concept definition will perform
better on each of three concept uses than subjects who do not.

(5) A higher percentage of each successive grade group will pass
each of three concept uses.

In addition, two questions that do not derive from the predictions
specified by the CLD model were posed:

(6) 1s thereva developmental différence between males and fem513§
as to when each group passes the four levels of concept attain-
ment.

(7) Are items that use a smooch~e&ged cutting .tool as a target at
the concrete and identity levels more difficult than those

items that use a tooth-edged cutting tool as a target.

Method

Saven subtests (Bernard, Klausme’er & Katzenmeyer, in press) were
developed to agsess a subject'b performance at each of the four attaimment
levels and on three concept uses (sup.aordinate-subordinate, principles
and problem-solving). The subtests were designed to elicit behaviors that
reflected underlying cogniéive operations that differentiated among the
four levels and three uses. These subtests were incorporated within an
assessment battery.

Four hundred subjects that were selected from the public school

system in Beloit, Wisconsin were administered the assessment battery.

<0
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. Fifey méles and 50 females were selected at each of the kindergarten,
third, sigth andvninth grades.

Kindergarten subjécta were administered the battery in groups of
six td'teq. These subjects were removed from their classroom and given
the battery in an empty school room. The third, sixth and ninth grade
subjects were tested in intact classrooms.

All subjects received the subtest in the same oxrder of présentation.
The test examiners read aloud all instructions and each ﬁest question.

Subjects wrote their answers directly in the assessment‘booklets.

significance of the Study

The validation of the set of predictions that are specified by
the CLD model would add both to the theoretical robustness and practieal
significance of the CLD model. The development of an inclusive methodology
that assesses an individﬁal's knowledge of concepts drawn from different
school-related subject domains wcu}d provide educaﬁors with a means to
evaluate the conceptual strengths and weaknesses of individual students.
Specifications of what a student knowg and does ﬁot know is an obvious
pre-requisite for the provision of individualized learning expériences.

The kind of behavioral analysis of concepts employed in this study
can also be used by teachers to break down the formidable task of teach-
ing concepts., The delineation of imstructional variables that contribute
to the learning and understanding of concepts may asgist teachers in the
preparation of behavioral objectives as well as {nstructional materials.

When the results of the present study are compared with those ob~

tained from other similar cross-sectional studies being conducted at the

ol
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Center that deal with a variety of school-related concepts, a clearer

understanding of the general pattern of conceptual learning and dev-

‘elopment of school-age children will surely emerge. ®

This study will also provide the researcher who is concerned with -
individual differences in the cognitive make-up of chi ldren with a , .
plethora of descriptive data. Data'froﬁlthis study should reveal the
ages at which there is the greatest amount of within-group variation

both at a given level of eoncept attainment as well as across all levels.

<2
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Chapter II
REVIEW OF RELATED LITERATURE

The primary purpose of this chapter is to describe the character-
istics of the CLD model. The first section will examine the nature
of coniepts. In the second section, limitations of previous concept
learning research will be discussed. The theoretical background of
the CLD model will betpresented in the third section. The properties
of the levels of concept attainment and the four primary ways in which
concepts can be used will be elaborated upon in the fourth section. ¥

Finally, the results of two previous studies which attempted to validate

the CLD model will be discussed.

The Nature of Concepis

A basic assumption central to many different theories of cognitive
development is that concept formationlis a critical process in the onto~
genesis of human thinking (Werner, 1948; Inhelder & Piaget, 1958; Ausubel,
1968; GCagné, 1970; Klausmeier & Ripple, 1971). Beginning with the form-
ation of the perceptual invariants of the first year of life, concepts
permit the young child to o;gauize a bewildering variety of objects,
sensations, sounds and feelings (Carroll, 1964). It is through the
internalized tepresenﬁations of classes of experience that the infant
begins to simplify his or her own surrounding enviromment. Concepts

permit the child to recognize the same objects and events encountered
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over time as being of the same kind, and are the mediating mechanisms
that help the child order and guide his or her own activity patterns
(Bruner, Coodnow, & Austin, 1956).

The cataloging and storage of learned experiences creates for the
individual an informational or cognitive structure from which subsequent
learning occurs (Ausubel, 1968). Concepts can be seen to function across
the life-span to further permit a higher and more abstract level of organ-
ization and reorganization of learned experiences.

The internal cognitive reality represented by concepts held by the
individual has been generally acknowledged by scholars in the field.
Ausubel (1968) states well the overwhelming signifiiance of concepts as
internal representational constructs of reality:

Anyone who pauses long enough to give the problem some
thought cannot escape the conclusion that man lives in
a world of concepts, rather than in a world of objects,
events and situations. The reality he experiences
psychologically is related only indirectly both to the
physical properties of his environment and to their ~
sensory correlates, Reality, figuratively speaking, is
experienced through a conceptual or categorical filter
(p. 505).

Klausmeier et al., (in press) propose eight defining attributes

of public concepts; that is, of concepts that are represénted by words

and have widely agreed upon meanings: (a) Learnability refers to the

notion that some concepts are more readily lesrned than others by indiv~
{duals who share similar cultural experiences and language, (b) Usability
{s the degree to which the attainment of a concept enables the individual
to generalize to new instances and to discriminate noninstances of the
concept, to recogniée other concepts in a taxonomy as supraordinate,

coordinate and subordinate, to understand cause and effect, correlational,
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probability and axiomatic relationships among concepts, and to solve
problems involving the concept, (c) Validity is the level of societal
and scientific agreement as to the definition of a concept, (d) Gener~
ality refers to the number of supraordinate, coordinate or subordinate
concepts that exist within any given concept taxonomy, (e) Power per-
tains to the idea that certain concepts once acquired are essential to
facilitate the attainment of other concepis, (f) Structure is the
specific relationship that the defining a:tribd&es of a cenéept have

to each other, (g) Instance Perceptibility refers to the various ways

different concepts can be sensed, and (h) Instance Numerousness des-

cribes the number of times an individual within a given society,
environment or culture eﬁcounters examples of a particular concept
(pp. 6~14).
One of the major sources of individual differences both within
a given age group and across ages is the level of concept attainment
achieved by individuals within the many different concept domains.
Such diffefences have been hypothesized to result from diverse learning
histories that occur in different cultures and environments, and also
as a function of different conceptual abilities manifested by individuals
(Klausmeier, et al., in press).
As a basis for examining the level of qoncept attainment of indie
viduals,lxlausmeiér et al., (in press) define a concept as follows:
. » » We define a concept as ordefed information about the
properties of one or more things~~objects, events or processes--
that enables ang particular thing, or class or things to be

differentiated from, and also related to, other things or
classes of things (p. 4).
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According to Klausmeier, et al., concepts can be considered as the
meanings of societally defined words that represent groups or classes
of things (obdjects, events, ideas, etc.) and also as internal construct
entifies or mentai constructs, that are the primary vehicles of the
though processes of the individual. The definitions of soci?cally
acqepted concepts, i.e., neanings of wbrds.—;an be found in ;nabridged

dictionaries or éncyclopedias;

Limitations of Previous Concept Learning Research

Attempts to examine the variables and processes related to concept
learning have been inadequate. In addition, studies designed to assess
the normative pattern of concept attainment of different age groups have
not been successful. A review of the concept formation and utilization
l1{terature (Bourne, Ekstrand & Dominowski, 1971; Bernard, 1973) suggest
three major reasons for such failures. FPirst, the milieu {or much of
the empirical work pertaining to concept learning has been the experi-
mental laboratory rather than the classroom. Because the number of
fnstructional variables that are examined{}s small and because t;e’
depeﬁdent measures used to assess concept mastery are typically non-
differentiated, the conclusions of such studies have not been used
by educators concerned with the planning of an instructional program.
Second, the size of many of the experimental samples prohibits the
results from being generalized to a larger population. Although idio-
graphic or small sample studies may provide important data as to varieties
and commonalities in concept learning abilities and knowledge, little

can be extrapolated from such data to identify specific age-related

(4
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learning patterns. And finally, since the operational definition of
" what a concept is varies so greatly from experiment to experiﬁent.
the relating of both the theoretical insights and empirical findings
from different experimental studies has become an impossible task.
Operational definitiods of what a concept is has drrived, in too
many instances, from particularized experimental settings rather
than from fundamental differences in theoretical world views (e.g.,
witness the work of Bourne & Guy, 1968 in contrast with that .of Gagné,

1972, or Ergleman, 1969).

\

Theoretical Background of the Model of
Conceptual Learning and Development

The Model of Conceptual Learning and Development outlinés
:he‘eégnitive operations involved in the attainment of concepts at spacl-
fiable levels of mastery by individuals whose abilities change in pre-
dictable'ways with age (Klausmeier, Ghatala & Frayer, in praess). The
model is a movel approach to conceptual assessment in that {r specifies
a normative learning pattérn and levels of mastery of concepts attained
by children at various age‘levels. Its emphasis on qualitatively different
levals in the learning of a particular concept and its focus on the con-~
tinuity of‘the learning process across time is in contrast with the more
gshort-term, discrete learning approaches amd studies carried out by many
American learning psychologists.

The scope of the CLD model is with the processes and products of

learning that mre necessary for the attainment of concepts, rather than
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with the processes of biological maturation. While Klausmeier, et al.,
(in press) recognize the role of biological-genetic and struciural
factors in the acquisition of the cognitive operations that underly
the learning of concepts, the authors of the model st-te:

. + « The higher levels of concept attainment and the

related operations are presumed to be more intimately

related to directed experiences, or guided learning,

than are some other abilities such as prehensile

grasping, upright walking and speech (p. 3).

The CLD model is in some ways similar to two more general models of
human development. The information-processing model (Hunt, 1962;
Woodruff, 1967) conceives the mind of the human organism as an information-
processing system that: (a) receives and sélectively attends to environ-
mental input, (b) internally manipulates envirommentally produced and
internally generated information, and (c¢) outputs a response that is a
function of the previously manipulated informazion. Such a model, derived
from American experimental and cybernmetic psychology, proposes that it
is through both the development of information processing abilities
(operations) and the acquisition of information products (concepts),
that the human organism gradually develops self-regulation over its own
behavior.

The second theoretical orienatio; traditionally utflized in the
elucidation of cognitive theory and theories of association is referred
to as the scimu1§s~organism-response model (S-0-R). The study of the
organism component of the S~O-R model has included both the manner in ’
which stimuli are encoded, stored and deroded, and also the kind and

timing of a response that is emitted as a function of sensory or en-

vironmental stimulatton. Such internal construct variables as cognitive

e
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units, processes or concepts (Kagan & Kogan, 1968; Bourne, Ekstrand
and Dominowski, 1971) are viewed as primary mediating agents in the
drvelopment of human conceptual behavior.

In accord with these two orientations, Klausmeier, et al., (in
*- prass) propose that: (a) Concepts play a central role in purposeful,
self-guided thinking of individuals of all ages, (b) Concepts are
learned, and (c) Individuals learn concepts by attending to environ-
mental éhenomena, representing and processing the information gained
through attending, and organizing the information through the formation
of concepts at the four levels of attainment as specified by the CLD model.

It is important to recognlze that the CLD model distinguishes the
cognitive operations that are involved in the learning of all concepts,
from the level at which specific concepts are attained. For example,
consider the concepts of 'subway' and talfalfa’, The acquisition of
both concepts are clearly tied to the experiencial background of the
{ndividual. The child who is brought up in an urd in setting knows morxe
about the concept of 'subway' than he does about t..e concept of 'alfalfa’.
The cognitive operations that the e¢hild uses to acquire both concepts
are the same. Yet, because the child who grows up in a city is morxe
1ikely to have encountered examples of 'subways' than of ‘alfalfa’, cﬁe
levels of mastery of each concept are clearly going to be different.
The functions of positive and also negative examples in the learning of
concepts has been theoretically considered and experimentally verified
by several investigators in the field of concept learning research
(Markle & Tiemann, 1969; Tennyson, Wooley & Merrill, 1971; Feldman, 1972;

and Swanson, 1972).

L
Q A e
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The Formal Structure of the
Model of Conceptual Learning and Development

The CLD model indicates four successively higher levels of attaimment
of the same concept (see Figure 1). According to the model, the attain-
ment of any one level of concept mastery is preceded by the attainment
of all previous levels, As was alluded to earlier, the level at which
a concept is mastered is determined by those operations that an indi-
viduallcan perform with regard to the specific concept itself, Addition-
ally, at the fou}ph or highest level of concept attainment, an individual
must have the labels of both the concept and its defiﬁing attributes-as
well as be able to state the definition of the concept: As is 1llustrated
in Figure 1, the acquisition of the label of the concept as well as its
defining attributes can occur at any one of the first three concept
attainment levels.

The hierarchical ordering of levels of concept attainment relates
to those concepts which have perceptible positive instances and which,
generally, the young child has a high probability of encountering. This
is in contrast to concepts which are either formally learned or which ?
do not have perceptible instances. Klausmeier et al., (in press) indicate
that although the four levels of concept attainment reflect a normative
pattern of concept acquisition:

It is also noted that the mature person, although
capable of attaining a concept at the formal level,
may stop at a lower level of attainment because of
the way in which the perceptible inatances are en-
countered or other conditions of learning €p. 20).
The CLD model also indicates that once & concept is acquired at the

clagsificatory level, it may be used in identifying examples and

non-examples of the concept, in understanding supraordinace~subord1nate

<0



17

juswdoreasg pue BapulNe] tmmadacuo) 30 [IPOW ML ¢ sanlyy

adaduod g3 fujaasyuy

TIEVINAY X400 1536 \ \

sa>uwjsuy aapavisu
pue aagigsod Buysn
sesayqiodiy Suplwnpeag

sajuwisuy aajijsod sssaqiodiy Suyraquemey
w02} wa(n2 sanx 20
i0fpur EIAINGYIIIT /puw S33INQIRITE JUSA

uowsod> a3 ZFuypziulo] -ay22 ay3 Sujayssyiodiy

smayqozd Fujayos
uy 3dacuod a3 fuie)
81423005 13410

yaiga 14a3u0d pIufeIIE 3daruod 3 JO SIINQTIAIE s210q7 3128

3 jo sdyqsuolleias Suzuyzep a3 SuyIwUIWIINIG

| asqao puw 334014 T|||||||l {pue suoyleiddo 3o01i1d IAld) I

-qozd *{PUOTINIII2I0D 13IATT TG o4

¢ 3133} Jo-pun—asnrd Suzzyuilon . €3] puw nau
23433003 13430 puUw Hr

1dasuod ag1 Buyajoauy 1da>u0d
gdiysunyIeaz 21LUIPIC Len awos up uareEaInba asaw sadUEIN
-qns puR ‘a23WUIPI00I r -up a20m 30 OAl 1WwQ)y BuprITRIIUDY
‘ajvnypromadns Burzjoiicd (pue suoylwrado loyad 1nog) % a1 o
S3>UeISYYuov TAATT AROLVIIAISSYLD | }
» Suy3euywid81p’ pue _
ajuo> 3 jO sSIMWEITUY
aayiisod o3 Suyzyteransd) ﬁ\ ~ samwa 3qQ3
juayeajnba wae Bupgyl swes Iy jO |
o o e e o i e i . Fui0} 310 30 OAY IWY3 SuyrIYRIURY ._.l!.. Suy 1aquewsl
l uogieniis Yl (pue suogpawrado zoy28 axy1) [V T T T T T
i jo sluIMIT arqyidaszad - TIATT A111X3C] *
| 30 s3seq Yl VO PIATOS ¥q — _ —
. ge> 1wyl swa[qoid aydwys M
gugapos up 3da2uod ayr Buyen _ _
[ 4 Suy1 peIvuTMIINEp 3 SuriaquImay i Tuyapnbay
sBury: _
4310 moa} Rupgy auc Juyreunjwyidsiq —
afuyyl 03 Tuppusily
TIATT ILTAIN0D
IS0t QRV
NOISHILIXZ L4IINCD . LNAWNIVILIV LIIIN0D 40 ST13A3




18

relations relating to the taxonomy of the specific concept, in under-

standing principles based on the concept, and in problem~solving. .

Levels of Concept Attainment

The first or concrete level of concept attainment is hypothesized
to have been acquired when an individual is able to attend to, discrim- .
inate and remw Yer a previously encountered instance of a concept. At
this level the young child begins to distinguish the surrounding envir-
onment on the basis of some salient global feature or attribute.
The identity level is marked by the emergence of a new operation.
At this level, the individual is able to cognize that two forms of the
same thing are equivalent in some way. This new generalizing operation
15 what makes the identity level qualitatively and developmentally more
advanced than the concrete level. Klausmeier et al., (in press) propose

that this new operation permits the individual to know that an object

{8 still che same object when viewed from different spatio-~tempered

perspectives, or when perceived in different sensory modalities.

At the classificatory level, an individual must not only have the
operations that define the two earlier levels, he or she must also be
able to generalize that two or more instances of the concept are equi~
valent in some way.

The attainment of a concept at the formal level is inferred when

an individual: (a) Has acquired the labels of the concept class, (b)

can discriminate and name its defining attributes, (c) can determine
vhether a particular exemplar is or is not a member of the concept class
as well as being able to state the reason why it is or is not, and (d)

can state the definition of the concept.

e
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Uses of Attained Concepts

e

Klausmeier et al., (in press) propose that an individual who has
attained a concept at the classificatory or formal level is able to
‘use the concept in four primafvaays. Firstly, the concept may be
used in identifying both examples and non-examples of the concept.
Secondly, the copcept can be used to cognize supraord&nate-subordinate
relations such as knowing that some but nof all.members of a supra-
ordinate class belong to a given subclass, that the sum of subclasses
equal the sum of the‘aupraordinate clags, that all members of instances
of a particular subclass Eelong to a higher more iInclusive coordinate
class. Thirdly, concepts may also be used to cognize other cause-and-

effect, and correlational relationships. And finally, concepts can be

uged in the solving of problems. The CLD Model also indicates that con-
cepts acquired at the concrete ox identity levels can be used in .solving
simple problems that can be solved on the basis of perceptible elements
of the situation. d

Validation of the Model .
of Conceptual Learning and Developzent

At the Wisconsin Research and Development Center for Cognitive
Learning, & test battery was designed to assess the attainment by
individuals of the concept equilateral triangle (Frayer, Klausseier §
& Nelson, 1972). Contained in the dattery was & test which was
developed to assess mastery of each of the four attainment levels and
three concept uses. The battery was individually administered to
3roups-of 40 students drawn from each of the following seven grade
groups: preschool, kindergarten, gecond, fourth, sixth, eighth and

tenth
Q.

A
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The results of the study were in accord with a set of predictions
that are implied by the CLD model. First, the proportion of students
who passed a given attainment level increased as a function of grade
group. Second, at any given grade level, the proportion of students
who mastered successive attainment levels decreased. Third, almost
90 peréenc‘of all students manifested one of the following patterns of
attainment of the four levels: fail-fail-fail-fail, pass~fail-fail~fail,
pass~pass~fail-fail, pass-pass~pass-fail, or pass-pass-nass-pass. This
result indicated the cumulative and hierarchical nature of the four levels
of attainment. Fourthly, a higher proportion of subjects who attained
the formal level, in comparison with subjects who attained only the
clagsificatory level, passed the three concept uues. And finally, an
increasing proportion of each successive grade group were able to use
thedir attained concept in cognizing supraord1nate-subordinate relation~
ships, in understanding principles, and in problem—solving.

Because of limitations encountered in this study, both the test
materials and test format were revised (Klausmeier, Ingisonm, Sipple &
Katzenmeyer, in press). A ;ew group-administered version of the equilateral
cfiangle battery that provided for multiple-choice response alternatives
was administered to 100 students selected from the following grades:
kindergarten, third, sixth and ninth.

The results of this study strongly validated the set of predictions
just presented. One additional finding was that having the labels for
the concept and its attributes was positively correlated with attainment

of the attainment levels and mastery cf the three concept uses.

3-1
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In summary, the CLD model seems to provide an appropriate frame~
work for both characterizing the cognitive operations that underly
the learning of concepts and for assessing the mastery of concepts.
Two experimental studies have validated predictions implied by the
CLD model regarding the normative course of conceptual development.
In the present study, this set of predictions'was examined using the
concept of cutting tool. Tﬁis stﬁdy was a part of a larger research
effort carried out by Klausmeier at the Wisconsin Research and Development

Center for Cognitive Learning, the purpose of which is to cross-validate

the CLD model on a variety of concepts.

£
2



Chapter IIX
CONSTRUCTION OF ASSESSMENT BATTERY

This chapter describes the manner in which the Cutting Tool Assess-
ment'BaCtery was developed. The first section deals with the accumulation
of information pertaining to the concept of cutting tool that provided
the substantive basis for the construction of the assessment battery.
In the second section, the rationale for‘aqp description of each of the
items in the assessment battery is provided. The process by which the
assessment battery was refined into a final form is detailed in the
third and fourth sections. The reason for describing in great detail
the process by which the assessment battery was developed and evaluated
is that considerable time was spent in insuring that the assessment
battery adequately measured the cognitive bperations,that underly the
learning of concepts. It was strongly felt that before the assessment
battery could be used to validate predictions derived from the CLD model,

the battery as a measurement instrument needed to be validated.

The concept cutting tool was selected as one conducive to the dev~

eloyment of an assessment battery. It was felt that cutting tool is a

*

concept that has actual perceptible instances that most children have
ample opportunity to encounter from an early age. The non-school related
nature of the concept appeared to be a good one for the determination of

the validity of the predictions of the CLD model.

< 6H
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The construction of an assessment battery based on the concept of

c&ttiqg tool involved the identification of the following basic pieces

of informatién that would later serve as the basis for the development

of ¢he assessment battery: (a) concept definition, (b) defining and
irrelevant attributes of the concept, (c) concept hierarchy, (d) princi-
pleg related to the concept, and (e) concept examples and non-examples.

A wide range of authorities were consulted in the process of securing

infor;ation relevant to the concept of cutting tool. The initial phase

of investigation, which involved consulting several encyclopedias and

unabridged dict{onaries, resulted in a firgt-draft formulation of the

definition of cutting tool, the identification of the concept's defining

and irrelevant attributes, and the placement of the concept in its
appropriate taxonopic gystem.

The second phase of inguiry involved the congultations and recommend-
ations of several professors on the faculty of the departments of Mechani-
cal and Metallurgical Engineering at the University of Wisconsin-Madison.
Their efforts resulted in a further refinement of the concept definition,
ccncept attributes, and concept hierarchy. Additionally, several pro-
fessors provided the substantive background that enabled this author

to identify principles related to the concept cutting toel.

The final stage of information gathering and refinement occurred
at several meetings with staff members at the Wisconsin Research and
Development Center for Cognitive Learning. As a result of these meetings,
the first four pieces of information were refined into a final form as
presented in Table 1, Table 2, and Figure 2.

Once agreement was achieved concerning the defining and irrelevant

attributes of cutting tool, it was possible to select both the examples

37
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Table 1

Concept Definition
Defining and Irrelevant Attributes

- definition of cutting tool: Any tool that has a sharp edge that is
used to shape or penetrate.

defining attributes
of cutting tool

1. used in carrying out work of a mechanical or mamual kind
2. used to shape or penetrate -
3. sharp edge

4. hard edge

5. tough edge

irrelevant attributes
of cutting tool

1. size

2. shading of handle
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Table 2

Principles Related to Concept

A large kind of cutting tool accomplishes a greater amount of cut-
ting than a amall cutting tool of the same kind,

2.

A sharp cutting tool blade cuts more quickly than a dull cutting
tocl blade.

3.

A cutting tool blade when heated to a low tempering temperature
remains sharper over a longer period of use than a cutting tool
blade heated to a high tempering temperature.

-

JE )

A cutting tool blade heated to a high tempering temperature will
be less likely to break than wili a cutting tool blade heated to
a low tempering temperature,

3,

A sliarp cutting tool blade that has a high degree of hardness
remains sharper over a longer period of use than a sharp cutting
tool blade that has a low degree of hardness.

6.

A cutting tool blade that can withstand a large amount of impact
is less likely to break than a cutting tool blade that cannot
withstand a large amount of impact.

39
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and non-examples of the concept that were subsequently used as stisulus
‘representations in the assessment battery.

The examples and non-examples were selected from £he class categories
that define the concept hierarchy (see Table 3). No power tools were
used in assessing any of the first three levels of concept attainment.
The difficulty in representing many power tools was the primary reason
for their omission. Three'power‘cutting tools were, however, used at the
formal level to assess a subject's ability to discriminate between power
and hand tools. A wide representative sample of hard-operated smooth-
and tooth~edged cutting tools were selected to assess Tastery at the
first three concept levels. The array of hand operated non-cutting
tools that were selected differed from cutting tools on the basis of
one defining attribute (utilized to shape or penetrate). All tools
were chosen such that school age children had from a high (hammer,
scissors) to medium (paring knife, compass) probability of encountering
them in their daily activities. In addition, only cutting tools that
had metal edges were selected. Because of this, the relevant attribute
 of edge was ref;;ced by the label "blade" in the assessment battery.

Once these five areas of information pertaining to cutting tool were
established, the construction of the assessment items was initiated. |
The following will provide a brief rationale behind the construction
of a subtest at each of tne four levels of concept Attainment as well
as the three concept uses (supraordinate-subordipate, principles, and
problem-solving). No subtest was developed to assess the use of the
concept in identifving examples and non-examples because of the difficulty
in devising a test that would be distinct from a test assessing classi-

ficatory mastery. Seven subtests were therefore developed.
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Table 3

Concept Example and Non-Examples

Concept Examples

hand-operated smooth-edged cutting tools

kitchen scissors, axe, chisel, general phrpose knife, butter
knife, hunting knife, butcher's knife, paring knife, steak
knife, pocket knife, rasp

hand-operated tooth-edged cutting tools

rip saw, back saw, coping saw, key whole saw, trece saw, bow
saw, hack saw

power ~operated smooth-edged cutting tools

electric hedge trimmer

power-operated tooth-edged cutting tools

power saw, electric saw

Concept Non-Examples

hand-operated measuring tools

compass, ruler

hand~operated general purpose tools

wrench, clamp, screwdriver, mallet, bamboo rake,, hammer,
paint brush
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Rationale and Description of Item Construction

This section will describe the test battery in {ts final form. Also,
the two steps in test construction employed in a larger research project
that preceded the final form are described at the end of this section. The

final test battery used in this study is included in Appendix A.

Concept Mastery Subtests

The Concrete subtest required a subject to look at a representation

of a cutting tool that appeared on one page (target) and, after a five

second pause, select on the following page the same cutting tool when

it was presented along with other representations of tools (nonexamples).
The target was represented in the same orientation in the array of non-
examples as it was when it was inftially shown. In order to have correctly
identified the target among the non-examples, it is inferred that a subject
must have attended to the target, remembered it over the five second de~
lay interval, and discriminated it from among the non-examples. These
three operations characterize the concrete level of concept mastery.

The Concrete livel subtest consisted of four items which used a
smooth~bladed cutting tcol as a target and four which had a tooch~$laded
cutting tool as target. Within each of the twc sets of four items, each
item became more difficult in terms of the number of relevant and irrel-
evant attributes the non-examples had {n common with the target. For
instance, the easiest two items were ones which had a target sharing no
common relevant attributes with the non-examples (except that all are toolsy
and having the irrelevant attributes of shading and size randomly assigned
to the three different non-examples and the target. The most difficulr

item had the target sharing all relevant and irrelevant attributes with

43
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the non-examples except for the irrelevant attribute of shape. (The
number of non-examples in the array from which the target was selected=--
th?ee or six--was an additional source of difficulty across all eight
subtest items), é more complete description of the eight concrete level
items is presenied in Table 4. Two sample items were also Included to
insure that étsubject understood what was required.

The ;dentity subtest consisted of the same eight items that appeared

in the Concrete subtest. The only difference between the firsc two

subtests of concept level mastery was a change in non~example and
target orientations of the Identity items. If a subject selected

the target from among the non-examples even after its orientation had
changed, it was inferred that the subject had generalized that the two
or more forms of the same thing were equivalent in some way. The use
of the identical cutting tool representations in beth the Concrete and
‘Identity subtests insured that any differences in subject perxformance
would reflect differences in the developmental emergence of the cog-
nitive operation that is hypothesized to differentiate the first two
leveis of concept attaimment.

The Classificatory subtest consisted of eight items that ranged
widely in difficulty. The first two items used the exact same target
examples and non-examples as were used in the two easiest items in the
concrete and Identity subtests. This was done so as not to make the
Classificatory subtest artificially more difficult than the two pre-
vious levels through the manipulation of the stimulus materials.

The first two items required a subject to select from a group of

four tooles .. tool which is used to do the same kind of work as
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Table 4

Concrete and Identity Item Characteristics
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1 concrete 3 2 1
2 | identity 3 2 1
3 | identiry 3 5 1
4 concrete 3 5 1
5 | identity 6 5 0, 1 or 2
6 concrete 6 5 0, 1 or 2
7 concrete 6 5 2
8 |} identity 6 5 2
9 concrete 3 2 1
10 j identity 3 2 1
11 | 4dentity 3 5 1
12 { concrete 3 S 1
13 | identicty 6 5 0, L or 2
14 | concrete 6 5 b, 1 or 2
15 | concrete 6 5 2
16 | {dentity 6 3 2
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a cutting tool that appeared to the left of the group of four tools.

The first item determined whether a subject could classify two knives
together while the second question determined if a subject could group
two saws together. If a subject correctly responded to these items, it
was felt that the subject could generaliée that two instances of a
cutting tool are equivalent in some way. The emergence of this operation

distinguishes the classificatory froﬁ the identity level.

Of the remaining six'iCems, three required a subject to ciassify
two concept examples together when they were presented with three non~
examples. These items became progressively more difficult in terms of
a decrease in perceptual and functional similarity between the two ex~
amples. The other three items presented a subject with four examples
and six non-examples which also had to be correctly classified according
to whether they were cutting or non-cutting tools; The similarity among
the examples on each of the three successive items became less obvious.
An additional difficulty factor across these six items was the absence
of a target or example to which a subject could refer when classifying.
Two sample quéstions were also included to clarify the format of the
Classificatory subtest. The item characteristics of the Classificatory
subtest are presented in Table 5.

The Formal subtest contained three parts. The first part consisted
of five items which determined whether a subject could discriminate one
tool or object from three others on the basis of a defining atiribute,
For example, one item presented a subject with ttree different represent-
ations of a knife and one of a saw. A subject who could correctly identify
the tool which was different from the other three was inferred to be able

to discriminate the attributes of smooth and tooth blades. The second
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L Table §
Classificatory ltem Characteristics

. e MO A A A e W AP WA T TR MO ST s Sl b M-t e - - = e o o -

e ————_r— t*

«[—— - e e —: . - = T T S A e e e T s e
Itom Example Present Characteristics of Stimulus Array
LB yes one correct example (hunting knife)

(general purpose and three non-~examples
knife)
k%2 yes one correct example (back saw) and
(rip saw) three non~examples
3 no two correct examples (keywhole saw,
butcher's knife) and three non-
examples
4 no four correct examples (butcher's
knife, hack saw, keywhole saw,
butter knife) and six non-examples
5 no two correct examples (axe, rasp)
and three non-examples
6 no four correct examples (hack saw,
hunting knife, scissors, axe) and
s{x non-examples
7 no two correct examples (rip saw,
chisel) and three non-examples
8 no four correct examples (coping saw,
chisel, rasp, pen knife) and six
non-examples

*Parallel with item 1 and {tem 10 in concrete and identity level subtests
*%Parallel with item 2 and item 9 in concrete and identity level subtests
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part consisted of aine multiple-choice vocabulary items that dealt with

important attributes of cutting tool, as well as the def inition of a

term that was needed in order for a subject to understand several
of the principles (tempering). The third part contained one item
which required a subject to select the correct definition of cutting

tool from three possible alternatives. Table 6 presents a full

description of each of the Formal subtest items,

Concept Uses

The Supraordinate-Subordinate subtest contained 10 multiple-choice
items which were designed to determine whether subjects could understand
the following relaionships:

I. Some but not all members of & supraordinate class belong
to a given subclass,

I1. The sum of the members of the subclasses equal the sum
of the members of the supraordinate class.

[11. All members of a subclass belong to a higher class,

IV. The members of one coordinate class are not members ol
another coordinate class.

Contained in each of these items was an array of six tools and/or objects
that i1llustrated each of the four above relationships. As Table 7 shows,
two of the relationships are assessed by two similar items while the
other two are assessed using three.

The Principles subtest consisted of two parts, each part containing
six multiple-choice items. The two sets of six items which were based on
the principles described‘in Table 2, ranged from easy, concretc and non-
technically worded items, to more abstract and technically worded ones.
The six items that required a subject to cognize the principle in a

context elicited information that revealed whether a subject was aware
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Table 6

Formal Item Characteristics

I. Discriminating the Attributes

Item Stimulus Examples and Non~examples

1 thand tool vs power tool 1 hand tool ~ 3 power tools

2 fcutting tool vs non~cutting tool | 1 cutting tool - 3 non~cutting
tools

3 tooth~edged vs smooth-edged 1 tooth-edged _ 3 smooth-edged
cutting tool cutting tools

4 |smooth-edged vs tooth-edged 1 smooth~edged _ 3 tooth-edged
cutting tool cutting tools

5 tool vs non-tool 3 tools ~ 1 non~tool

I1. Vocabulary

Item Label

6 tool

7 blade

8 cutting tool

9 toothed blade
10 hand tool

11 swooth blade
12 tempering (definition)
14 toughness
15 hardness

ITI. Concept Definition

Item

13
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Table 7

Supraordinate~Subordinate Item Characteristics

N,

a— - - - -

g8

Some but not all members of‘h supraordinate class belong to a
given subclass (9, 11, 12)*

\
Ay

1. Some but not all cutting tools have a blade that is smooth
2. Some but not all cutting tools have a blade that has teeth.
3. Some but not all tools are cutting tools.

\
N

II.

The sum of the members of the subcl&hses equals the sum of the
members of the supraordinate class (14, 18)*%

1. All the smooth-bladed cutting tools and all the tooth-
bladed cutting tocols equal all -the cutting tools.

2. All the cutting tools and all the non-cutting tools
equal all the tools.

III.

All members of a subclass belong to a higher class (10, 15, 16)*

1. All of the smooth-bladed cutting tools are cutting tools.
2. All of the tooth-bladed cutting tools are cutting tools.
3. All of the cutting tools are tools.

iv.

The members of one coordinate clags are not members of another
coordinate class (13, 17)* "

1. Some large tools are not smooth-bladed cutting tools.
2. Some tools that have black handles are not tooth-bladed
cutting tools.

*The numbers that follow each of the four statements of the supraordinate-
subordinate relationship correspond to the item numbers as they appear in
the assessment battery.

S0
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of the relationship defined by the principle when concrete instances of
the relacionsﬁip were provided. The second six items were constructed

to determine whether a subject could cognize the verbally stated relation-
ship without the help of a concrete referent.

Each of the six Problem Solving multiple~cho! e items was derived
from one of the six principles. Each of the six questions which were
presumed to be answered more readily if a subject understood one or
more of the six principles required a subject to in-ernally manipulate
concrete information in attaining problem solution. The six items con-
tained either a novel situation, an application of several concepts
and principles, or knowledge of the more technical applications and
implications of one of the six principles. The characteristics of the

Problem~Solving and Principles items are provided in Table 8.

Initial Evaluation of Assessment Battery

Once the construction of the assessment battery was completed, the
battery was administered to a small group of school age children. Three
quest lons were posed previous to the administration of the battery. The
tirst was to determine whether the test format and general testing pro-
cedure were appropriate for the particular population that was to be
used in the study., Of particular concern was: (a) Would the paper-and-
pencil nature of the‘battery be comprehensible by the y.ungest subjects,
(b) Would subjects understand the wording of both instructions and
questions, and (c) Would the two-dimensional representations of tools be
recognized. The second was to see whether the Concrete and Identity
subtests could be shortened by eliminating items of equivalent difficulty

levels. The third was to determine whether the test battery could be

ol



Table 8

Principle and Problem-Solving Iitem Characteristics

Item Subtest Characteristic
1 problem~solving | related to principle 6
2 problem~solving | related to principle 1.
3 problem-solving | related to principle 5
4 problem~solving | related to principle 4
5 problem-solving | related to principle 2
6 problem~solving | related to principle 3
7 principle cognize principle 6 in a
context
8 principle cognize principle 1 in a
context
9 principle cognize p#inciple 3 in
context |
10 principle cognize pfinciple 4 in
context |
11 principle cognize principle 2 in
context
12 principle cognize principle 5 in
context
13 principle statement of principle
without context
14 principle statement of principle
without context
15 | principle statement of principle
without context
16 principle statement of principle
without context
17 principle statement of principle
without context
18 principle statement of principle
without context

o<
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completely administered fn one testing sessfon without creating subject
discomfort and inqttenthenvss.

The battery was administercd to a total of 24 subjects. one male
and one female of high, med/um and low achievement were drawn from each
of the kindergarten, third, sixth and ninth grades. One low ability
kindergarten mile who became ill during the administration of the
battery was able only to complete the Concrete and Identity subtests.
The subjects were selected from classrooms at one elementary and one
junior highschool {n Beloit, Wisconsin. The seven subtests that were
described in a previous section wers presented in five test booklets.
All subjects marked their answers directly in the test booklets. The
24 subjects received an invariant order of subtest administration. All
questions and response alternatives were read aloud by the test adminis~
trator to all subjects. After the test was administered, each subject
was interviewed to secure information concerning possidble confusions
and ambiguiﬁies of test items or general procedure. The complete test
was administered to six subjects at a time. Subjects were removed from
their regular classrooms and were tested in an unoccupied classroam or

in the library.

As a result of feedback provided by the 24 subjects, it was deter-~
mined that those items which had a multiple-choice format could be
understood by kindergarteners, provided that the iastructions were clear
and simple. The test manual was, therefore, modified for kindergarten
and third grade subjects to a 'primary test manual' which contained less
complex language. Visual aids in the forw of letters printed on four
by six index cards proved to be valuable in assisting the younger

subjects ip locating answers in their test booklets. The sixth and

L J
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ninth grade subjects had fow problems with the test manual format
(‘Adult test manual') though several answers and questlons, particularly
at the problem solving level, had to be reworded.
Tables 9 through 15 3iwmdicate the performance of the 24 subjects

on the items contained in each subtest. The data from Tables 10 and 11
reveal that almost all the items contained in the Concrete and Identity
subtests were answered correctly by the 24 subjects. It was decided _
that items five throughreight from the Concrete and Identity subtests
could be dropped. Since those Concrete and Identity items that under~
went stimulus changes appeared to be more difficult than when they were
originally administered, two more difficult items were added to the

. Classificatory subtest., This wa§ done to insure that ghe difficulty
level of these subtests remained comparable. Iﬁ was apparent in scoring
the performance of the 24 aubjects that several subjects had difficulty
in recognizing some of the two~dimensional representations of tools.
These non-verbal stimuli were modified or eliminated. No other signi-
ficant changes were made as a result of the initial evaluation of the

assessment battery.

Final Evaluation of Assessment Battery
The purpose of the fival evaluation was fourfold. The first was to
. evaluate tne items changes wade as a result of the first evaluation. The
gsecond was to sce whether on a larger scale the difficulty levels of the
four attainment subtests were too easy for kindergarten subjects. It
was felt that if the kindergarten subjects were correctly answering most
of the attainment items, then younger subjects would have to be used or

more difficult items would bave to be introduced. The third purpose was
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Table 9

Initial Evaluation of Assessment Battery. Proportion
of Each Grade Group Correctly Responding to Each
Concrete Item

Crade Croup

Item Kindergarten Third Sixggn_; Nintg-
1 1.00 1.00 1,00 | 1.00
2 1,00 1.00 1.00 | 1.00
3 1.00 1.00 1.00 ©  1.00
P 1.00 1.00 | 1.00 § 1.00
5 1.00 1.00 | 1.00 E 1.00
6 f 1.00 1.00 | 1.00 | 1.00
7 1.00 1.00 § 1.00 ; 1.00
8 i 1.00 1.00 | 1.00 | 1.00
9 f .83 100 . 1.00 | 1.00
10 1.00 1.00 ' 1.00 ' 1.00
1 1.00 1.00 ©  1.00 ' 1.00
12 % 1.00 1.00 ; 1.00 | 1.00
13 1 1.00 1.00 | 1.00 i 1.00
1% 1.00 1.00 1.00 | 1.00
15 1.00 .83 - L0 i 1.00
16 . 1.00 1.00 | 1.00 . 1.00
; ) i i
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Table 10
Initial Evaluation of Assessment Battery. Proportion

of Each Grade Group Correctly Responding to Each
ldentity Item :

i

Grade Group

Item Kindergarten Third Sixth Ninth
1 1.00 1.00 1.00 1,00
2 1.00 1.00 1.00 1,00
3 1.00 1.00 1.00 1,00
4 1.00 1.00 1.00 1.00
5 1.00 1.00 1.00 1.00
6 1.00 1.00 1.00 1.00
7 1.00 1.00 1.00 1.00
8 1.00 1.00 1.00 1.00
9 1.00 1 1.00 1.00 { 1,00
10 1.00 1.00 1.00 1.00
11 1..v 1.00 1.00 1.00
12 | \\\\iiqgm’ 1.00 1.00 1.00
13 .83 JN1.00 | 100 | 1.00
14 .83 ‘}\oo 1.00 2 1.00
15 .83 A 1.0 1.00 ; 1.00
16 1.00 .} ‘1.00 | 1.00 | 1.00
S
ob
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Table 11
Initial Evaluation of Assessment Battery. Proportion

of Each Grade Group “orrectly Responding to Lach
Classif icatory ltem

Grade Group

Item Kindergarten* Third Sixth Ninth
1 .80 .83 1.00 1.00
2 1.00 1.00 1,00 1.00
3 ' 1.00 1.00 1.00 1.00
4 1.00 .83 1.00 1;00
5 ‘ .80 | 1.00 1.00 .83
6 .60 .83 1.00 .67
7 ‘ .80 1.00 1.00 1.00
8 j .80 i .67 1.00 | 1'09~

*One low ability kindergarten male absent




Table 12

Initial Evaluation of Assessment Battery. Proportion
cf Each Grade Group Correctly Responding to Each
Discriminating the Attributes Item .

Grade Group

Item Kindergarten* Third Sixth Ninth
A 1 .20 .67 .67 1.00
2 .40 .83 .83 1.00
3 .60 .83 | 1.00 | 1.00
4 .40 1.00 .83 ; 1.00

*One low ability male student absent

oS
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Table 13

‘Initial Evaluation of Assessment Battery. Proportion
of Each Grade CGroup Correctly Responding to Each
Vocabulary and the Concept Definition Item

Grade Group

Item Kindergarten* .| Third Sixth Ninth
1 .60 1.00 1.00 1.00
2 .20 .83 1.00 1.00
3 +20 .67 .83 1.00
4 .20 1.00 1.00 1.00
5 .80 g 1.00 1.00 1.00
6 + 20 g 1.00 1.00 1.00
7 NA*** . 50 .67 .83
8 NA 5 .67 67 .83
9 NA i .17 | 50 .83
10%% | NA 1.3 .50 .67

*one low ability male student absent
*%concept definition item
**%not administered



Table 14
Initial Evaluation of Assessment Battery. Proportion
of Each Grade Group Correctly Responding to Each
Supraordinate~Subordinate Item
Grade Group

Item Kindergérten* Third Sixth | Ninth
1 .60 1.00 .83 1.00
2 .20 .83 .83 .67
3 .00 1.00 1.00 1.00
4 .40 1.00 - L.00 1.00
5 .20 1.00 1.00 1.00
5 .20 50 1.00 .83
7 .20 .83 .83 1.00
8 .00 « 17 .83 By
9 .00 1.00 1.00 1.00
10 .00 »50 50 50

*One low ability kindergarten male absent

60
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4 Table 1§

inftial Evaluation of Assessment Battery. Proportion
o' Fach Grade Group Correctly Respondiny to Each
Principle and Problem Solving Item

Grade Group

Item ! Kindergarten#* ; Third Sixth Ninth
NA® .00 .33 .00
50 ’ |
gl2 1.00 .67 .67 .33
2 f "
RE | NA .50 .50 .67
8la 1.00 .50 .83 .83
L0 : :
Q . .
IRE NA C .33 .00 .00
6 NA .00 .33 .33
1 .
7 NA .17 .67 1.00
8 .40 33 .67 .67
9 NA . .00 .00 .17
10 NA i .33 .50 .17
11 .00 f .67 .67 1.00
2 12 . NA Y .50 .67
=
o113 NA .33 .67 1.00
13 | |
14 NA ' .33 .33 .33
‘ '
15 .20 . .83 .67 1,00
16 .00 .50 .83 .67
17. NA .33 .00 .67
18 NA .00 .67 .50

*one low ability kindergarten male absent
**not administered ‘
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to determine whether either manual needed further revision betore the
test battery could be used to validate the predictions of the CLD model.
The final purpose was to determine whether some of the test {tems
could be eliminated at certain grades so0 as to reduce the time of
administration. The first evaluation of the battery demonstrated
that older subjects passed almost all of the easiest items,
while the.younger subjects failed many of the most difficult items.
The rationale for deciding which items or subtests would not be adminis-
tered was one which stated that kindergarten subjects would not receive
certain items that most third grade subjects had answered incorrectly.
Ninth and sixth grade subjects would not be administered those subtests
that contained {tems that a large proportion of third grade subjects
answered correctly, It was felt that if the test could be shortened,
. me, money, and both subject and test administrator emergy could be
conserved.

A sample of approximately 400 subjecis were administered the
assessment battery. Approximately 50 males and 50 females from kincer-
garten, third, sixth and ninth grades were selected at four elementary
schools and.one junior high school in Watertown, Wisconsin.

The subjects selected were the same ones that participated in a
previous concept assessment study reported by Klausmeier, Ingison, Sipple,
and Katzenmeyer, (in press). The kindergarten, third and sixth grade sub~
jects who pgrticipated in that study were chosen on the following bases:
(a) subjects were drawn from intact clasgrooms, (b) the classrooms that
were administered the assessment battery were taught by teachers whom

the principal of the particular elementary school considered 'cooperative'

vy
v
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(¢) only one kindergarten, third, and sixth grade classroom from each
elementary shcool participated in the study, and (d) each participating
classroom contained approximately equalnumbers of high, medium and low
ability students. The ninth grade subjects were selected on the following
bases: (a) subjects wére tested in intact classrooms, (b) three levels
of math achievement were'represented across the four classrooms (one high
ability, 2 medium ability and 1 low ability classrooms), and (c)
four classes met consecutively during the morning school hours. This
was done to decrease the amount of communication between classes.

A revised test battery consisting of five parts was administered
to all subjects. Included in the five parts were the seven subtests
previously described.

The test battery was administered to intact classrooms of subjects.
As was done in the initial pilot, each intact classrocm of subjects re-
ceived the tesf in the same order (IIA, IIB, IIC, IID, and IIE). Each
subjecc marked his or her own response directly in the test booklets.
The instructions, qqestions, and response alternatives‘(where appfopriate)
were read aloud to all subjects. For the kindergarten subjects, the
test administrator provided assistance on multiple-choice questions in
the form of large printed letters that corresponded to each of the response
alternatives. After the administrator read a question and first response
alternative, she would hold up the letter 'A' and say "if you think the
answer I just read is-the correct one, mark the letter in your booklet
that looks like the one 1'm holding up.'" This procedure was done for
each of the respcnse alternatives. On the basis of the results obtained

from the first pilot study, it was decided that scveral different questions
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from the formal level, principle and problem solving subtests would
not be administered to kindergarten subjects.

The following subtest changes were made as a result of the data
presented in Tables 16 through 22,

As Tables 16 and 17 indicate, most of the Concrete and Identity
items were answered correctly by the kindergarten subjects. As a
result, a decision was made that rather than carrying out the study

with children younger than kindergarten age, some of the items on the

Concrete and Identity subtests were made more difficult. The specific

changes were the following. Items 3 through 8 on both subtests were
completely eliminated. It was decided to leavé the first two items in
the battery since these items, as explained earlier, had a parallel
form on the Classificatory subtest. One stimulus change was made on
{tem 2 on the Concrete and Identity subtests. A broom was substituted
for a wrench. This was done because it was observed that on Classi~

t icatory item number 2, subjects classified the screwdriver and wrench
together. Two items which required a finer perceptual discrimination
were also added to the first two subtests, It was felt that these two
{rems would make the difficulty level of the Concrete subtest more
aépropriate for kindergarten subjects, Additionally, the Concrete and
Identity items were counterbalanced to avoid the possible development of

a practice set or effect that could possibly bias test performance. The

. Classificatory and Formal items were not counterbalanced because these

subtests required completely different response behaviors than did
the Concrete and Identity items. It was felt that because the younger

students have limited repetoires of test-taklug behaviors rapid changes
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Table 16

Final Evaluation of Assessment Battery. Proportion
of Each Crade Group Correctly Responding to Each
Concrete Item

Grade Group
Item Kindergarten Third Sixth Ninth
1 92 | 100 1.00 | 1.00
2 .92 1.00 1.00 1.00
3 .92 .99 1.00 1.00
4 .96 1.00 1.00 1.00
5 97 1.00 1.00 1.00
6 .94 1.00 1.00 .98
7 .88 1.00 1.00 .99
8 .93 " 1.00 1.00 1.00
9 .93 .99 1.00 1.00
10 .84 .99 1.00 1.00
11 .81 .98 .99 .99
12 .94 .99 1.00 .99

.p-

Q P ]




Table 17

Final Evaluation of Assessment Battery.
of Each Grade Group Correctly Responding to Each
Identity Item

Proportion

Grade Group

Item Kindergarten Third Sixth Ninth
1 .99 1.00 1.00 1.00
2 .99 .99 1.00 1.00
3 +96 .99 1.00 1.00
4 .97 .98 1.00 1.00
5 .99 .99 1.00 1.00
6 .97 .99 1.00 1.00
7 .86 .95 1.00 .99
8 .97 1.00 1.00 1.00
9 94 1.00 1.00 1.00
10 .90 .97 .99 1.00
11 .92 .99 1.00 .99
12 .92 .97 1.00 .99

66
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Table 18

Flual Evaluation of Assessment Battery. Proportion
of Each Grade Group Correctly Responding to Each
Classificatory Item

Grade Group

Item Kindergarten Third Sixth Ninch
1 .95 .98 1.00 1.00
2 295 1.00 1.00 1.00
3 .92 .90 .99 .97
4 .97 .99 1.00 1.00
5 79 .86 .82 .88
6 .54 . 57 .73 .85
7 { .37 . 27 42 .34
8 .03 .06 .02 04
9 .03 .25 .34 .36

10 .00 .11 04 .13

. E~

'
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Table 19

Final Evaluation of Assessment Battery. Proportion
of Each Grade Group Correctly Responding to Each
Disciminating the Attribute Item

Grade Group

Item Kindergarten Third Sixth Ninth
1 .67 .80 .86 .91
2 .67 .97 .99 .97
3 .63 .86 .94 .97
4 .85 .99 .98 .99
5 .57 97 | .92 .97
I\\
- :

&N



Table 20

Final Evaluation of Asse¢ssment Battery,
of Each Grade Group Correctly Responding to Each

Vocabulary and the Concept Definition Item

Proportion

Grade Croup

Itemr Kindergarten Third Sixth : Ninth ST T —
1 .81 o .88 .88 .99
2 .89 .89 .95 .99
3 .85 .82 .86 ; .98
4 74 .95 .99 : 1.00
5 .58 .92 .93 .99

*6 .68 .81” .96 1.00
7 NARE | 45 .62 | .95
8 NA .52 .75 .91
9 NA .35 .32 P51
10 NA 13 17 i .34

*concept definition item
**not administered

6Y



Table 21

Final Evaluation of Assessment Battery.
of Each Grade Group Correctly Responding to Each
Supraordinate~Subordinate Item

Proportion

Grade Group

Item Kindergarten Third Sixth Ninth
1 44 .86 .92 1.00
2 .66 .79 .81 .87
3 .62 .96 .96 1.00
A .63 .98 .97 1.00
5 62 .91 .94 .98
fs .29 .62 . 66 .85
7 .55 .73 « 8Y .96
8 .19 ! .37 .59 W73
9 .HY ; Y5 .96 .98

_LO ) 2%__~.~_“h¢*m“-ﬁj ,L 50 71

t'){)

)
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Table 22

Final Evaluation of Assessment Battery. Proportion
of Each Grade Group Correctly Responding to Each
Principle and Problem Solving Item

Grade Group

Item i Kindergarten Third Sixth Ninth

1 NA* .60 1 .95
2 .86 .88 .81 .84

L)) .

r;‘ 3 -33 .SO 561 -8!0

0

é 4 NA .53 .52 .76

Rals .59 .70 .82 .95
6 NA .53 .51 L71
7 NA 34 60 86
8 .84 .73 . 6Y .82
9 NA A .39 .66
10 NA .33 a7 74
11 62 71 77 .95

X

T2 .15 46 .52 .82

o

2 D NA 47 .60 .92

pY}

% 14 NA .30 .35 .65

~

115 49 .79 .83 98
16 .19 .53 .65 .77
17 NA .19 .28 .59
1% .32 l .39 .50 .83

» ot administered
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in response modes would confuse these subjects thereby possibly
depressing their performance. It was decided that sixth and ninth
grade subjects would not receive the Concrete and Identity subtests
because they were found to be too easy.

Since almost all subjects responded correctly to the first four
Clagsificatory items, items 3 and 4 were climinated from the Classificatory
subtest (see Table 18). It was discovered that on Classificatory items
2, 6, 7, 8, and 10, subjects could correctly follow the instructions
and yet incorrectly classify two non~cutting t°°1§_§?-9's wrénéﬁ‘énd
screwdriver) as cutting tools. Thewinétgaégioés were to put an X
on the things that "are used to do‘the same kind of work.'" Therefore,
changes in these stimuli were made to eliminate this problem.

An ambiguous representation of a tool (scissors) that appeared
in the Supraordinate-Subordinate subtest was replaced with a more
easily recognizable one.

The wording of several questions and answers in the Principle and
Problem Solving subtests was further refined and clarified.

And finally, having applied the previous criteria dealing with
difficulty, it was decided that kindergarten subjects would not receive

three of the most difficult Vocabulary items, four of the six Problem

Solving items and eight of the twelve Principle items.
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- Chapter 1V

METHOD

The purpose of this study is to tesé a set of five predictions
implied by the CLD model.

The five hypotheses tested in this study were the following:
(a) the proportion of subjects passing each attainment level--concrete,
identity, classificatory and formal~-will increase as a function of
grade group,(b) subjects who pass any one of the four concept levels
will also have passed the preceding lower levels,(c) subjects who attain
a concept at the formal level will use the concept more effectively in
cognizing supraordinate-subordinate relationships, in understanding
principles, and ‘n problem solving tham subjects who have only attained
the concept at the classificatory level,(d) subjects who know the labels
of the concept and its defining attributes and also the concept defi~
nition will perform better on the three concept uses than subjects who
do not, and (e) a higher percentage of each successive grade group will
pass each of the’three concept uses. Two additional questions were
asked: (f) is there a difference in chronological age between males and
females when each group passes the four levels of concept attainment and the
three concept uses?, and (g) are items that use a smooth—edged cutting
tool as a target at the concrete and identity levels more difficult than

those items that use a tooth-~edged cuttiﬁg tool?
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Subjects

The subjects who participated in the study were drawn from four
elementary schools and one junior high school in Beloit, Wisconsin.
Beloit, which has a population of almost 36,000, is both a manufacturing
and farming community. Seven pércent of Beloit's residents are black
éith less than one percent of the remaining 93% representing other non-
white populations. The average income of $9,460 is slightly above
average for a midwest industrialized community. The Beloit public
school system has 14 elementary schools, three juni;r high séhools. and
one senior high school. In addition, Beloit contains five parochial
grade schools and one parochial high school. The five public schools
from which subjects were selected ranged in characteristics from one
that had an all white, middle- to upper-class stable population to one
that had a 50 percent non~stable black population that generally came
from a lower socioeconomic class in the community. The scope of academic
achievement also ranged from high to low. fhese schools were selected by
the Beloit school superintendent as ones that were representative of the
racial and socioceconomic characteristics of the Beloit community and
would be cooperative in the study.

A total of 400 kindergarten, third, sixth and niﬁth grade subjects
were administered the assessment battery. Ome hundred subjects, 50
males and 50 females, were tested at each of the four grade levels,

The selected subjects were the same ones that participated in a
previous concept assessment study conducted under the supervision of
Professor Herbert J. Klausmeier. The kindergarten, third and sixth

grade subjects who participated in that study were selected on
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the following basis: (a) subjects were drawn from intact classrooms,

(b) the classrooms that were administered the assessment battery were

taught by teachers whom the principal .f the particular elementary school
. considered 'cooperative,' (c) only one kindergarten, third, and sixth
grade {ntact classroom from each elementary school participated in the
study, and (d) each participating classroom contained approximately
equal numbers of high, medium and low ability students. The ninth grade
subjectc were choéen on tke following basis: (a) subjects were tasted
In intact classrooms, and (b) three levels of math achievement were
represented across the four classrooms (one high ability, two medium
ability and one low ability classrooms), and (c) the four classes met
consecutively during the morning hours. This was done to decrease the

amount of communication between classes.

Kindergattén subjects were administered the battery in groups of

six to ten. These subjects left their classroom and were assessed
either in the school library or in empty classrooms. The third, sixth
and ninth grade subjects were tested in intact classrooms, Whereas
the assessment of kindergarten subjects generally lasted for one and a
half classroom periods, third, sixth and nint’. grade subjects were
administered the complete battery within one class period. Because of
the difficulty of obtaining exactly 50 males and 50 females at the third,
sixth and ninth grades, one or two small groups of subjects at each of

. these grade levels left their classroom and were administered the battery
in the school library. The number of males and females, the mean age

and age range at each grade level of the subjects is presented in Table 23.

bogr -
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Table 23

Number of Males and Females,
Mean Age, and Age Range at Each Grade Level

Mean Age Age Range
~Grade Males Females (years - months) (years ~ months)
K 50 50 6-0 5-5 to 6-6
3rd 50 50 9~1 8-5 to 9-10
6th 50 50 12-0 11~4 to 12-10
9th 50 50 14~11 14-4 to 15~9

2 )
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Materials

The four subtests of concept level mastery and the three subtests
of the concept uses described in Chapter IiI were organized into four
assessment booklets (IIA~IID). Booklet IIA contained the eight Concrete
and eight Identity subtest items. These items were presented in a
counterbalanced order. In addition, two sample items appeared at the
beginning of the booklet. Booklet IIB included both the eight Classi-
ficatory subtest items—-which were presented first-—and the 10 Supra-~
ordinate-Subordinate concept use items. Booklet IIC contained the six
Problem Solving items and the 12 Principle subtest items. The order
of presentation of these items was presented in Table 8 of Chapter
1I. Booklet IID included first the five Discriminating Attributes
followed by the nine Vocabulary items. The itsm dealing with the defi~
nition of the concept was presented after the seventh Vocabulary item,
The assessment battery was printed in black ink on a light blue opaque
paper.

An administrator's manual for children of primary age and anot..er
for older studentg were used by the two testers when they administercd
the assessment battery. The primary administrator's manual, used when
the test was administered to kindergarten and third grade subjects,
contained a detailed and explicit description of the behavior required
of subjects as well as verbal descriptions that were much simpler than

those used in the adultc test manual,

7



66

Procedure

The assessment battery was administered by one white male and one
white female both of whom were in their middle twenties. At the
beginning of each assessment session, all of the assessment booklets
were distributed to subjects. The sixth and ninth grade subjects did
not receive the Concrete and Identity subtests (Booklet IXIA). The
kindergarten subjects received an abbreviated version of the Principle
and Problem Solving subtests [IIC(K)]. Booklet IIC(K) contained items
2 and 5 from the Problem Solving subtest and items 8, 11, 15 and 16 from
the Principles subtest. Kindergarten subjects also did not receive
Vocabulary items 12, 14, and 15.

All subjects received the booklets in the same order of presenta-
tion (TIA-IID). The test examiners read aloud all instructions. The
examiners also read aloud each of the questions as well as each uf the
possible responsé altaornatives where appropriate. When the response
alternatives to multiple~choice questions were read aloud to the kinder;
garten subjects, the examiner held up 4 by 6 index cards each of which
contained a large lower case letter ('a', 'b', 'c¢', 'd', and 'e'). This
procedure assisted kindergarteners in locating their response preférences.
Pencils were provided for those who needed them. A new pencil was given
to each subject after the completion of the assessment battery.

The following demographic data which was obtained from each subject

before the battery was administered was recorded on the first page of

Battery I1IA: Name , Birtndate

Last First Middle Month

, School y Grade y Today's
Day Year

7N
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Date y Sex F M, and Adm. No. (Administration Number)

Design of Study
This cross-sectional study was conducted to test the sget of
predictions implied by the CLD model. Students of four grade levels
(kindergarten, third, sixtﬁ and ninth) of both sexes (male and female)
participated. The seven assessment battery subtests served as dependent

repeated-measures. The design of the study is presented in Table 24.
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Table 24

Design of Study

Attainment Level Concept Use
AERE
® Sa] =
o | » | & R
a re Wt l-a D g o0
o ol ol ~ 0w i =
1 2| 8|8 |2E| 8 |35
§ [ K B &8 1 o
S = o 2 |8 & | &a&
Male | e e e e e e e o e - v o >
Kindergarten
Femle mmmmmmmmmmmmmmmmmm >
Male | = = e e e - — >
Third
Female | — — = = = v — e v e e e e e - >
Male | = c e e o e e e o o e >
Sixth
Female | ~— = e e e e e —
Male | — ==~ e e e e = >
Ninth
Female| ~—————-————— -~ — - ~ — >
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Chapter V
" ‘ RESULTS

Criteria for Determining Mastery of the
Four Attainment and Three Concept Uses Subtests

A mastery level score was computed for each subject for each of

the seven subtests. The initial mastery scores were determined at one
more than the number of items subjects coyid answer correctly on a chance
basis. The full mastery scores were decérmined arbitrarily. Generally,
a subject attained a full mastery score if no more than one incorrect

response was made. A subject receivéd either a no mastery, initial

mastery, or full mastery score for each of the subtests depending on

the total number of ftems answered correctly. Sdbjects who failed

to correctly answer sufficient items to receive an initial mastery score
recelved a no mastery score. Subjects who failed to correctly respond
to enough items to receive a full mastary score yet who exceeded the
initial mastery criteria received an initial mastery score. Subjects
who~exceeded the full mastery criteria received a full mastery score.
These mastery level scores were used in statistically evaluating pre-~
dictions implied by the CLD model. In performing the statisticai tests

the no mastery and initial mastery scores were combined to form one group.

The primary reason for combining the no mastery and initial mastery scores
was that none of the predictions derived from the CLD model dealt with the
no mastery and initial mastery distinction. An additional reason was that
at most of the grad~ levels on most of the subtests very little information
was lost by combining groups. A summary of the criteria for subtest magltery

is provided in Table 25.

0 81




70

Table 25

Criteria for Mastery of the

Four Attainment and Three Concept Uses Subtests

>
~
e >
> § o
> 3 8
# z -
Subtest 2 S 2
concrete Oor 1of 8 of 8 |7 0f 8
identqty 0 orlof 8 of 8 ‘7 of 8
classificatory Qorlofs of 5 | 4 of 5
formal
discriminating the attributes | O or 1 of 5 of 5 | 4 0f 5
vocabulary 0, Lor 2 0f 9 of 9 | 70f9
definition No Yes { Yas
supraordinate-subordinate 0 of 4 of 4 {| 3 of 4
principle 0 of 5 of 5 | 4 of 5
problem~solving Oor 1l of 5 of 5| 4of 5
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The criterion for ipitial mastery of both the Concrete and Identity
subtests was that « subject needed to have correctly responded to two
of the 'eight' items. To recelve a full mastery scoure, seven of the
eight items had to be answered correctly.

Prior to data analysis, three items from the Classificatory subtest

were dropped (7, 9 and 10). In addition, one of the Problem Solving items (6)
and one pair of Principle items (12 and 18) were eliminated from the assess-—

ment battery. The reason these Classificatory items were not dropped before
the final battery was developed was that there was a lag in the analxsis

of the Classificatory item characteristics., It was felt that these items
required subjects to classify cutting tools that young children had low
probabiiities of encountering in their daily activities (i.e., chisel).
These items also contained visually ambiguous representations of cutting
tool (i.e., rasp). For these two reasons, it was determined that these
items should not be scored. The reason for not scoring the three uses

items was that the overall difficulty levels of the items in the Principle

ard Problem Solving subtest was too high.

The criterion fo  full mastery at the classificatory ' vel was
responding correctly to four of the five items. Initial mastery re-
quired a subject to correctly respond to two of the five items.

A subject had to recelve a full mastery score on three separate
parts of the Formal subtest to obtain 4 full mastery score at the tormal
levels A subject needed to have correctly responded to four of the five
items which required a subject to discriminate the attributes of the
concept, seven of the nine voccbulary ftems and the item relating to
the concept defimition. To attain initial mastery at the formal level,

a subject must have correctly answered two of the five discriminatin:



attributes items, three of the nine vocabulury items and the concept
definition item.
To attain full mastery of the Supraordinate-Subordinate subtest, a

subject must have correctly responded to three of the four pairs or triads

of jtems that were related to one of the four basic supraordinate-subordinate
relationships. 1Initial mastery was set at answering ome of the four
pairs of triads of items. /
Full mastery of the Problem Solving éubtest required a subject to
correctly respond to four of thé five items. Initial mastery was
determined at two of five.
‘ For a subject to attain full mastery of the Principle subtest,

four of five pairs of principle items needed to have been answered

correctly. Initial mastery was set at one of five.

Analysis

The results are presented in acéordanee with the five predictions
implied by the CLD model and the questions that were presented in Chapter
.

The first and fi{fth hypotheses were examined usfng a chi-square
test of homogeneity, If significant differences wer: obtained, a chi~
square analog to Scheffe§ theorem was employed in a post-hoc examination
of all pajr-wise contrasts. In addition, hypothesis 1 was examined using
a trend analysis that was conducted at each of the four attainment levels,
In the examination of hypothesis 2, the percentage of subjects who attained
the successive levels of attainment according to the five allowable pat-

terng impiied by tie CLD model was compared with the percentage of subjects

iy 4
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who were exceptions to these patterns. A chi-square test of independence
was emploved in the testing of hypothesis 3 and hypothesis 4, 1f signi-
ficant differences were found, a strength of relationship measure (phi~'
coefficient) was computed between the two independent variables of concern.

In examining question 6, a two-sample Z-test was performed on the percentage

of males and females who achleved full mastery at a particular level.
A test of correlated proportions (McNemar's Test of Change) was em-
ployed in the examination of question 7.

The results of these five hypotheses and two questions are now
preseated. ‘Passing' . f.rs to the attainment of full mastery at either

an attainment level or concept use.

Hypothesis 1

The results of the chi~square test of homogeneity showed significant
differences in full mastery among the four grade groups on each of the four
concept subtests (Concrete, x?)' 77.25; ldentity, xyﬁw 130,49: Classificatory,
-,<~‘3== 51.93; Formal, ;;‘_#’1= 140.05; p € .05). The mastery level performance
of each grade group on each of the four attainment subtests is presented
in Table 26.

When all pair-wise comparisons were examined using Scheffé's pro-
cedure, a significant difference was found between iindergarten subjects
and third grade subjects, sixth grade subjects and niﬁth grade subjects
on the Concrete and Identity subtests (p < .05). On the Classificatory
subtest, a significant difference was obtained between kindergarten
subjects and third, sixth and ninth grade subjects and between third
and ninth grade subjects (p < .05y, A significantldiffefence was also

obtained between each of the grades groups on the Formal subtest (kinder-

garten - third < sixth < ninth, p - .05).

Eyly
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Table 25

Performance of Each Grade
Group on Each of the Four Attainment Subtests

Subtest
>
~
o
&
o
o
o > ot
& - L]
W -~ o ~
5 8 | @ :
& o o
Grade Score 3 2 o o
Percent Passing Mastery Levels
no mastery .01 1.01 .12 92
Kindergarten initial mastery | .28 45 .35 .08
full mastery 71 .54 53 .00
no mastery .00 .00 . 04 .59
Third initial mastery | .04 06 ) .19 e 25
full mastery .96 , .94 o 77 .16
no mastery .00 .00 .00 .26
Sixth init{al mastery | .00 .00 .14 . 28
full mastery 1.00 1.00 .86 46
no mastery T 00 .00 .00 .10
Ninth initial mastery .00 .00 .07 17
full mastery 1.00 1.00 .93 .73
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The post-~hoc trend analysis conducted on the daté obtained from
each attainment subtest demonstrated the foilowing. On the Concrete
and Identity subtests, the linear trend component was found to be
significant between kindergarten and third grades (p < .05). Because
sizth and ninth grade subjects obtained 100 percent scores, no analysis
was conducted on these data., The linear :rend,component was the only

significant component when the performance of all grades at the Classi~

ficatory and Formal levels was compared (p < .05).

Hypothesis 2

Table 27 presents the number and proportion of each grade group

* that conformed to the five patterns of concept attainment that are con-

sistrnt with the CLD model. Table 28 containg the number a&a proportion

of each grade group that were exceptions to the five pattergs.
Eighty~eight percent of the 400 subjects performed acc;rding to

the five predicted patterns. Of the 50 subjects who did no; conform

to the predicted patterns, 58 percent were kindergarten Subjects. At

least 90 percent of the third, sixth and ninth grade groups conformed

to the predicted patterns.

Hypotresis 3

Table 29 centains two sets of data. First, the numbeﬁ and proportion
of subjects who passed the classificatory.level but not thé formal level
and who also passed each of the three concept uses. Sécond, the number
and proportion of subjects who passrd the classificatory level but failed
theﬁéormal level as well as having passed each of the three concept uses
is gi?en. A significant chi~square statistic was obtained when the per-

formance of these two groups were compared on each of the three uses

o~
-
L 2%



76

Table 27

Number and Proportion of Each Grade Group that
Conformed to the Five Allowable Patterns of Concept Attainment*

Attainment Subjects Conforming
Pattern : ~
Kindergarten | Third | Sixth | Ninth | All Grades
~KFFF 14 1 0 0 15
.14 .01 .00 .00 .04
PFFF 11 1 0 0 12
.11 .01 .00 .00 .03
PPFF 20 18 9 1 48
.20 .18 .09 .01 .12
PPPF 26 58 453 26 155
.26 .58 45 .26 .39
PPPP 0 12 41 67 120
.00 .12 41 .67 .30
Total 71 90 95 94 350
Conforming AL .90 .95 < 9% .88

&5
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Table 28

Number and Proportion of Each Grade Group that were
Exceptions to the Five Allowable Patterns >f Concept Attainment

] Attainment Subjects Not Conforming
Pattern
Kindergarten | Third | Sixth | Ninth All Grades

FFFP 0 0 0 0 0
.00 .00 .00 .00 .00

FFPF 7 0 0 0 7
.07 .00 .00 .00 .02

FFPP 0 0 ¢ 0 0
.00 .00 .00 .00 .00

FPFF 2 0 0 0 2
.02 00 .00 00 00

FPFP 0 0 0 0 0
.00 .00 .00 00 00

FPPF 6 2 0 0 8
.06 02 .00 00 02

FPPP 0 1 0 0 1
.00 01 .00 00 00

PFFP 0 0 0 0 0
00 00 .00 .00 00
PFPF 14 4 0 0 18
14 .04 .00 .00 04

PFPP 0 0 0 0 0
00 .00 00 .00 .00
PPFP 0 3 5 [ 6 , 14

00 03 .05 06 | 04

- Egﬁ?iriii 43 10 5 6 ; 30
& .29 .10 .05 06 12

&3
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Table 29

The Relationship of Attaining Full Mastery of the
Clagsificatory and Formal Levels to Mastery of the Three Concept Uses

Classificatory But Formal
Not Formal
{ !
o v
tSd Lo
Qg @ o W
= oo [=J
oo v i Y
B4 a 8 o s a g o
0 - ¢ & o U ﬂ T
0 M o ~ -~ o M < ~
a8 = ? a8 = S A
Grade 35 L n o a9 H 0
n B B R B A LY A
Kindergarten
N Passing Level 53 0
N Passing Use 1 0 0 0 0 0
Proportion .02 .0 .00 .00 .00 .00
Third N
N Passing Level 64 16
N Passing Use 33 0 14 6 1 7
Proportion .52 .00 22 .37 .06 L4
Sixth
N Passing Level 45 46
N Passing Use 22 6 17 29 8 35
Preportion 49 .13 .38 .63 .17 .76
Ninth
N Passing Level 26 73
. N Passing Use 21 3 15 60 19 58
Proportion .80 11 .58 .82 .26 .79
All Grades
N Passing Level 188 135 :
N Passing Use 77 9 46 95 28 . 100
Proportion 41 .05 .22 .70 .21 T4

)
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gubtests (Supraordinate~subordingte, lew 51.45; Principle, x21= 14.93;
and Problem Splving, le- 77.26{ p < .05).

The relationship between classificatory and formal level mastery
and perfo'mance on the concept uses was greatest for the Problem Solving
subtest (§ = .49) and smallest for the Principles subtest (6 = .21).

The strength of tae relatiomship proved to be an intermediate one for

the Supraordinate~Subordinate subtest ($ = .40).

Hypothesis 4

The prediction that knowing the label for the concept, the labels
for its attributes, and the concept definition (Vocabulary) will be re-

lated to the mastery of the three concept uses was also confirmed. As
\

)}

Table 30 indicates, while 70 percent who passed the Vocabulary passed the
Supraordinate~-Subordinate subtest, only twenty-seven percent who falled
Vocabulary passed the Supraordinate~Subordinate subtest. This difference
was found to be significant (le = 72f06; p < 05). The relaticaship

of passi~g Vocabulary to passing the Supraordinate-Subordinate subtest
proved to be a moderate one (§ = .42).

Of those who passed Vocabulary, nineteen percent also passed the
Principles subtest; whereas, of thoée who failed Vocabulary only 3 percent
passed the Principles subtest, This difference proved to be significant
(le = 72,06; p < .05). The strength of associstion between passing
Vocabulary and passing the Principles subtest was found to be weaker
(¢ = .31) than it was for the Supraordinate-Subordinate subtest.

A significant difference was also obtained when the propoptfbn ot
subjects who passed Vocabulary and who also passed the Problem Solving

Sustest was compared with the proportion of subjects who failed Vocabulary

(j‘é
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Table 30

The Relationship of Vocabulary Performance
to Mastery of the Three Concept Uses Subtests

No Vocabulary Mastery Vocabulary Mas“ery
{ {
g :
¥ 2
4 V] i .1}
"da -~ 'ﬁg -4
55 | & |8y | ¥E | % |5z
25 | 2 | g3 | s§ | % &%
e -t 0 ~d -] -t 0
Grade 3 A Iy &3 A & b 3.‘:2
Kindergarten
N Passing Level 100 { O
N Passing Use 2 0 0 0 0 0
Proportion 02 .00 .00 .00 .00 .00
Third
N Passing Level 73 27
N Passing Use 32 0 13 12 1 13
Proportion 43 .00 .17  hb .03 48
Sixth :
N Passing Level 36 64
N Passing Use 15 3 11 43 1l 46
Proportion W41 .08 .30 .67 .17 .71
Ninth
N Passing Level 14 86
N Passing Use 12 0 S 69 22 65
Proportion .85 .00 .64 .80 .25 o75
All Grades
N Passing Level 233 177
N Passing Use 61 3 33 124 34 124
Proportion .27 01 .14 .70 .19 .70
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and who passed the Problem-Solving subtest (X21 » 126.37; p < .03). The
relationship between passing Vocabulary and passing the Problem Solving

subtest proved to a fairly strong one (§ = .56).

Hypothesis 5

Table 31 presents the performance'of each grade group on each of
the three concept uses subtests. The prediction that pevformance on
each concept use would increase as a function of grade was confirmed
(Supraordinate~Subordinate, 123 = 131.82; Principles, x23= 40.35; and
Problem-Solving, ng = 134.68; p < .05).

An examination of all pair-wise comparisons revealed an ordering
of the grade groups in the predicted direction. The ordering of the
grade groups on the Supraordinate~Subordinate subtest was as follows:
kindergarten < third < sixth < ninth (p < .05). The ordering of the
grades groups on the Principles subtest was: kindergarten = third -
sixth = ninth (p < .05). On the Problem—Solving subtest, each grade
group performed in relation to one another as follows: kindergarten <

third < sixth = ninth (p < .03).

Question 6

Table 32 presents the performance of males and females on each of
the four attainment and three concept uses subtests. Ne significant
differences were obtained when the performances of males and females
on the Concrete and Identity subtests were compared. On the Q;assificatory
subtest males significantly outperformed females at the third and ninth

grades (le ® 4,57 and le = 3.84; p < .05), Ninth grade males alsc

performad better than ninth grade females on the Formal subtest (x? = 4.11:

R - 005)0

94
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Table 31

Performance of Each Grade Group
on Each of the Three Concept Uses Subtests

Concept Use .
Supraordinate~ Principle Problem
Crade | Score Subordinate Solving
Percent Passing Mastery Levels
§
ool
Y no mastery .62 .74 .91
9 initial mastery .36 .26 .09
'§ full mastery .02 .00 .00
v;
no mastery .05 .52 .15
- initial mastery .51 47 .59
.E full mastery b4 .01 .26
no mastery .04 .18 012
3 initial mastery .39 .68 .32
a full mastery .57 .14 .56
& initial mastery .18 .69 .23
= full mastery .81 .22 74

9.1
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Table 32

Performance of Males and Females on Each
of the Four Attainment and Three Concept Uses Subtests®*

Attainment Level Concept lUse
D i
| o ¢
S 2y
o 323 ®
(9] ) O 1Y)
v > - o 8 -t
] - - st o 1Y g o
o \-.-' b — ow ~ T
o =l Bl B B EE| &| 33
B & ‘o o a. A - o ~t
) g ~ 0 59 > M O
% ) " ) e 7 %7 Y Bt
a Percent Passing Mastery lLevels
S [ Tro mastery 021 .02 12| .90 ] .58 | .74 .9
% | | initial mastery .28 A4 | 281 10} .40 ) .26 .06
N full mastery .70 541 .60} 001 .02 .00 .00
2 no mastery .00 00 ] .12] .94 ] .66 | .74 .88
o | .|initial mastery| .28 28 1 421 .06 | .32 .26 12
full mastery .72 J2 1 .46 1 .00 {1 .02 | .00 . 00
no mastery .CO ,00 1| .04 .56 .00 | .40 .12
=|initial mastery .02 04 10| .26 | JA2 .58 .50
8 full mastery .98 96| .86 { .20 .58 | .02 .38
pe! no mastery .00 001 .04 | .62 ] .10 | .64 .18
=] . |initial mastery| .06 081 .281 .26 | .60 | .36 .68
full mastery .84 .92 ] .68 1 .121 .30 ] .00 14
no mastery .00 00| 00| .20} .28 24 .12
=|ini:ial mastery] .00 001 .12} .34 ] .18 | .58 .32
. full mastery 1.00 | 1.00 /.88 ] .46 1 .54 | .18 .56
v no mastery .00 .00 .00} .32{ .00} .10 .12
3| w]|initial mastery} .00 001 161} .22 .40 ] .78 .32
full mastery 1.00 1 1.00 ) .84 ] .46 ] .60 | .12 1)
no mastery .00 ,00{ .00} .06 | .00 ¢{ .10 .02
w|initial mastery{ .00 00| .02} .12} .12 | .64 .22
o full mastery 1.00{ 00} .98} .82 ] .88 .26 .76
=1 no mastery .00 .00 00| .14} .00 | .08 . 04
o | wlinitial mastery| .00 L00 | 12| W22 .26} .74 .24
full mastery 1.00} 1.00] .38 1 .64 .74 | .18 .72

*Fifty mal.s and 50 females were assessé¢d at each grade level

N
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On the Supraordinate-Subordinate and Problem-Solving subtests, thixd
grade males performed significantly better than third grade females
(le = 7,95 and le « 7.46; p < .05). No other d}fferendes ware found.
In addition, no significant sex differences were obtained on the Principles

subtest.

Question 7

Table 33 shows the proportion of kindergarten and third grade
s.bjects who attained full mastery of the smooth~bladed and tooth-bladed
items. The criterion for full mastery for both kinds of items was set
at correctly responding to seven of eight. McNemar's Test indicated
that there was a significantly higher probability of achieving mastery
of the smooth-bladed items than attaining mastery of the tooth-bladed
items (le = 8,403 p < .05). Table 27 indicates that ten percent more
of the 200 kindergarten and third grade subjects who were administered
the Concrete and Identity subtests attained uastery of the smooth~bladed
{tems than they did for tooth-bladed items.

- Table 33
‘ Proportion of Kindergarten and Third Grade

Subjects Attaining Full Mastery of Smooth-
Bladed ang Tooth-Bladed Items

Smooth-Bladed
mastery no mastery total
et i o P et = B e
ste . .06 W72
Tooth- mastery 606 1 « ]
Bladed HO mastery 16 12 28
total .82 18 1.00
N 1
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Chapter VI

BEST COPY RVAILABLE

DISCUSSION
The present study tested the validity of predictions specified by
the CLD model concerning the normative pattern of conceptual development.

of school-age children. 'Knowledge of the concept of cutting tool was

used as the performance variable in validating the predictionﬁ.

The CLD model implies that since each successively higheé level
of attainmen: involves the use of a new and more complex ope?ation not
required at the next lower level, the proportion of subjecég passing
successive levels will increase as a function of the grade group of the
subjects. This hypothesis received strong support. The grade in which
the students were enrolled was an important variable in determining per-
formance of the subjects at each attainment level. Siggificant differences

were found between the grade groups. It appears that the greatest increases

in the mastery of the concrete, identity and classificatory levels

occurred between the kindergarten and sixth grades, Ihe differences in

~

the percentége of kindergarten éubjects who attained full mastery at

the concrete (.71) and identity levels (.54) is of interest. Apparently
the operation of generalizing that two or more forms of the same thing
are equivalent emerges developmentally much later tham do the operations
of attention, discrimination and memory. Furthermore, the fact that

only one hundredth of a percent point separates the percentage of

9



kindergarten subjects who attained full mastery at identity and classi-
ficatory levels may suggest that che two kinds of generalizing operations
that distinguish these two levels are qualitatively quite similar. This
similarity 4in perfornénce at the identity and classifiéatory levels which
is mirrored to a lesser degree at the other grades may also be a function
of task or measuremént variable; which somehow make the identity level
artificially more difficult than the classificatory level. More will be
said of rhis type of probiem in a subsequent section,

The exireme linear nature of the data at the classificatory and
formal leveis seems to suggest that significant amounts of higher level
learning occurs throughout the first nine grades. Data from another
study that is quite similar to the present one revealed that much formal
level learning occurs in the later elementary years (Klausmeler, Ingison,
Sipple, and Katzemeyer, in press).

There are five possible patterns of concept attainment that are
implied by the CLD model: FFFF, PFFF, PPFF, PPPF or PPPP. Eighty~eight
percent of all subjects conformed to these patterns while 12 percent of
the subjects did not. Almost 70 percent of subjects who conformed to the
tive allowable patterns fall into either the PPPF or PPPP patterns. It
would seem that a concept that is not taught as part of che standard
school curriculum and&thac has many perceptible instances that young
children have a high probability of encbuntering 1s mastered at the
classificatory level at a faifly young age. Further experimeécation
using concepts that are introduced in the later school years and that
have few perceptible instances in the natural environment may indicate

that such concepts are acquired at a later age.
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There appears to be tyo primary reasons why 12 percent of the
!

subjects did not conform.go the five allowable patterns of concept
actainmeﬁt. One reason ?bpéars to have been'that the difficulty
levels of some items on-ihe four attainment subtests were inappro-
priately high. That is, it is quite possible through the manipulation
of stimulus materials to construct items to assess one of the lower
levels of concept mastery that will bé more difficult than items
designed to measure a hligh level of attainment. The second factor
that apparently influenced the performance of the non-conforming group
was the criteria used to determine mastery levels both within and across
attainment levels. Although the criteria were established as a result
of pilot data and a previous concept development study (Klausmeier,
Ingison, Sipple & Katzenmeyer, in press), the determination of each’
subtést criterion was, in fact, somewhat arbitrary. Most of the 12
percent of subjects who did not conform to the five allowable patterns
were about equally Aistributed across the following four non-allowable
attainment patterns: FFPF, PFPF, FPPF, and PPFP.

Table 34 presents the number of items correctly answered at the
four attainment levels’by subjects who demonstrated a FFPF pattern of
concept attainment. Five of the seven subjects missed attaining full
mastery at the concrete and identity levels by one item. It will be
recslledvthat'twn difficult types of items were added to the assessment
battery as a result of the second pilot study. One item which appeared
both in the Concrete and Identity subtests required subjects to galect
a‘previously g2en rip saw from among six other very similarly shaped

rip saws. All rip saws shared the irrelevant attributes of size and
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Table 34

Number of Items Correctly Answered at the Four
Attainment Levels by Subjects Who Demonstrated
a FFPF Pattern of Concept Attainment
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shading of handle. The other {tems which also appeared in the first

two subtests, required a sgbject to select & pen knife from among six .
other pen knives which shared the exac£ sgmé zhape as the example pen
knife. The pen knives differed on the basis of size and the shading

of the handle. An exémingtLOn of the individual raw scores of these
five subjects revealed that each subject missed at least one of the

new items. Three of the subjects missed all four items. It appears,
then, that either the four difficult items should not have bcen included
in the battery, or the criteria for concrete and identity level mastery
should have been determined at six rather than seven of eight.

Table 35 shows that of the 18 subjects who demonstrated a PFPF
non-conforming pattern of ésﬁcept attainment, 15 fdiled to achieve full
mastery of the identity level by one item. Each one of these subjects
missed at least one of the two difficult Identity items that were intro-
duced into the battery after the second pilot. The individual raw
scores of these subjects indicated that more of the two parallel Concrete
items were answered inhan the Identity items. Apparently, the additional
cognitive operation required at the identity level, made the two most
difficult Identity items qualitatively more difficult than the two parallel
Coﬁcrete items. Thus, an analysis of the Concfete and Identity items
reveals that almost all of the subjects who failed the identity level and

passed the classificatory level did so possibly because of measurement
errors., . R

Table 36 indicates that five of the eight subjects who falled the
Concrete subtest and passed the Identity subtest misséd one less Concrete

than Identity item. It is quite possible that the observed difference
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Table 35 '
/
Number of Items Correctly Answered at the Four
Attainment Levels by Subjects Who Demonstrated
a PFPF Pattern of Concept Attainment

FORMAL

&

o~

™ b

~ =

s pe
S 29 § o
.4} ™ o4 & i [}
aJ &~ e E -] & -g
sl 5| % |§E] 2|2
£ 1 8 | = |88 ¢ | 8
Grade (¥ pd T " Q l o
K 7 6 4 2 0 1
K 7 6 5 3 0 2
K 7 5 5 2 0 0
K 8 IA 4 4 0 3
K 8 6 4 1 0 0
K 7 5 5 1 1 5
K 7 6 5 4 1 6
K 7 6 4 4 0 2
K 8 6 4. 3 0 1
K 7 6 4 3 0 4
K 8 6 5 5 1 3
K 7 6 5 4 0 5
K 7 6 4 5 0 4
K 8 6 5 2 0 5

{ . Iy
3 7 6 5 A 0 7
3 7 6 4 4 0 2
3 8 6 5 4 1 5
3 8 6 5 0 1
e 402




Table 36

Number of Items Correctly Answered at the Four
Attainment Levels by Subjects Who Demonstrated
a FPPF Pattern of Concept Attainment

FORMAL
o
£
[
> ob
e &
0o i
« - o >
o | » | 2|88 | & g
[s & Ud Eﬂ & . ,5
o w4 b 1 ot
~ Y @ g 8 -
3] g ® U M
[~ -S n & Ut §
o < - o g
Grade & ~ © o« 4
K 6 7 4 4 0 6
K 6 7 5 4 0 6
K 6 7 5 3 0 3
K 6 7 S 2 0 3
X 4 7 4 0 0 2
K 4 7 5 4 0 3
3 5 7 4 4 0 3
3 6 7 4 4 0 6

103

91



92

is a function of gubject inattentiveness. Alternately, as was
previously indicated, sir of eight {tems may have been a more
reasonable mastery criterion given the nature of the more difficult
Concrete and ldentity items.
Table 37(shows that fourteen of the non- ~n£ormiﬁg subjects
who failed to achieve full mastery at the ci. sificatory level, did
80 at the formal level. This finding suggests that it may be possible
for scmé subjects to attéin formal level mastery without being able
to classify all the more difficult (less familiar) examples and non-
examples of the concept. That is, it appears that several of the
cutting tool sﬁimuli which were required to be classified as éxamples
or non-examples of the concept were totally unfamiliar to these subjects.
The urfamiliar stimuli may have appeared on several of the most difficult
Elassificatory items and in none of the formal level,iteng. The {issue
raised may be worded in the form of a question. Did those Classificatory
items that were failed by subjects who passed the formal level require
behaviors that were too difficult and inappropriate for the assessment of
classificatory level mastery? A close inspection of the classificatory
subtest does indicate that some of the items required subject to be
familiar with concept examples that have a low frequency of occurrence
in the natural environment, That is,'the 14 subjects who manifested a
I'PFP pattern of concept attainment could generalize that two OF more
cutting tool instances were quivalent‘inléome way 1f they had previously
encountered these instanées. Identification of newly encountered examples
of the concept is a test of one of the four primary uses of a concept and

is not a test of classificatory mastery. It appears, then, that the
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Table 37

Number of Items Correctly Answered at the Four
Attainment Levels by Subjects Who Demonstrated
a PPFP Pattern of Concept Attainment
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difficulty level of some of the more difficult classificatory {tems
was determined both by the cdgnitive operations the fitem is inferred
to by tapping as well as the measurement procedures and stimulus vari-
ables themselves.

A higher proportion of subjects who passed the formal level, in
compar ison with subjects who passed only the classificatory level, were
found to pass each of the three uses. It appears that the relatively
weak relationship between concept mastery and performanée on the
principles use 1s related to the high level Af difficulty of the’
principle {tems. No kindergarten or third grade subjects passed the
Principies subtest wﬁile only 13 and 11 percent of the sixth and ninth
grade subjects passed., The strong relationship that was obtained between
aastery of the 1eve1; and passing the problem~-solving use can be further
seen at the third, sixth and ninth grades. The difference between those
who failed formal and passed classificatory an& those who passed formal
at these three grades was .22, ,38 and .21 respectively. The strength
of the relationship between concept level mas;ery and sup;aordinate~
subordinate performance was found to be a modérate one, It should be
noted that while 52 percent of third grade subjects who passed the
classificatory level and failed the formal level passed the supra-
ordinate~subordinate use, only 37 percent of those subjects who passed
the formal level also passéd the supraord1nate—suboréinate use,

The relationship between having the appropriate language and passing
the concept uses was found to be significant on each of the three uses.

The only finding that directly contradicted this pattern was found at
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the ninth_grade on the Supraordinate~Subordinate subtest. The rest of
the data {s overwhelming in its confirmation of the hypothesis implied
by the'CLD model that those subjects who can name the concept, define
{t, and know the concept labels will perform‘beCten on the three uses
than those who do not.

Performance on the three uses was tound Lo increase as a function
of grade. The mastery of the Supraordinate—Subordinéte and Problem-
Solving subtests {ncreased i{n a linear fashion across the four grade
levels. On the Supraordinate~Subordinate subtest, the largest gains in
performance occurred between the kindergarten and third and between the
sixth and ninth grades. The problem solving ability of children can be
seen to {ncrease at an equal rate of developmgﬁt acrosJs the four grades.
Full mastery of the Principles subtest did not begin until the sixth
grade. Kindergarten and third gradé subjects failed to demonstrate full
mastery of the Principles subtest. No differences in attainment were
found between sixth and ninth grade subjects. 1t should be recognized
that the CLD model does not at present specify the cognitive operaZZ;ns
or strategles that underlie either problem-solving performance or that
contribute to the understanding of principles.

No differences were found between males and females in attainment
at the concrete and identity levels. This result is not surprising since
the items at these two levels were éérceptu “ra&hvr-{pan conceptual in
nature. Even though male children may have a h}§hg§ lrlelihood of en-
countering examples of cutting tools in their d¥ily activities, such
experiences apparently do not facilitate mastery of the first two concept

levels. Significant between sex differences were, however, found at the
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classificatory level. The periormance of third and ninth grade males

differed significantly and the.digfefégces at the kindergarten and

sixth grade--though not significant--were in favor of the males. Since

the Classificatory subtest requires the generalization of instances of -

cutting tools, previo&s experience would appear to facilitate the

f generalizing process. ~
At the formal level, ninth grade males performed better than ninth

grade females. This difference may also be a result of males having

a higher probability of literally and conceptually usiﬁg the concept

outside the.classroom. It 1is not unreasonéble to assume that givén

our current cultural role e#pectati;ns, young Boys have a higher pro-

bability of encountering and using cutting tools in‘their natural

environment that do young girls,

The fact that males have been more exposed to and involved with

cutting tools than have females 1is reflected in a differential per-

formance between the groups on ﬁhe supraordinate~subordinate and
problem-solving uses. Males and females did, however, perform equi-
valently on the Principles subtest. Apparently, as has been indicated,
the specific principles used in the assessment Sét:ery were not taught
either inside or outside the classrxoom.

The reason why more subjeccs attained mastery of. shooth~bladed
rather than tooth~bladed items may have been that one of the tooth-~
bladed Concrete and Identity iteps was an extremely difficult one,

The data indicates .hat a smooth~bladed item which conceptually was
believed at an_equivalent difffculty level as the tooth-bladed item

just described was, in fact, found to be an easier one. The reason

y
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for this observed difference in the difficulty of these two items might

be that young chfildren have had more opportunities to visually and tact-
ually encounter smooth~bladed cutting tools such as knives than they have
with tooth~bladed cutting tools as saws. Such experiences, then, would
enable children to more easily attend to, discriminate, remember and gen-
ér;lize perceptually smooth~bladed cutting tools than tooth~bladed cutting
tools. This explaration is consistent with the CLD model which implies that

the age at which any particular level is attained is largely dependent upon

the learner's experiences with concept instances,

\ Summary and Conclusions

This study hag validated five predictiéns implied by the CLD model.
First, the proportion of subjects who passed'each successive attainment
level increased as a function of grade group. Second, subjects who passed
any one of the four attainemnt levels passed all of the preceding lower
levels. Third, subjects who attained a concept a: the formal level used
the concept more effectively in cognizing supraordinate-subordinate
relationships, in understanding principles and in problem solving than
subjects who only attained the concept at the classificatory level.

Fourth, subjects who knew the label and the defining attributes of

cutting tool as well as the definition performed better on the three

concept uses. And finally, a higher percentage of each successive
grade.group.passed each of the concept uses.

Two additional questions that were not directed at validating the
CLg’model were answered. It was found that males performed significantly

better than females at the classificatory and formal levels as well as

on the supraordinate-subordinate and problem-solving uses. These

1409



differences, however, only occurred at some of the grade levels. Taest
items that used a smooth-bladed cutting tool as a target at the concrete
and identity levels were determined to be more difficuls than items that
used a tooth-edged cutting tool as a target.

Several interesting issues were raised as a result of. the data
analysis that could lead to the formulation of interesting research
questions. he performance of subjectis on each of the four attainemnt
subtests appeared to be a function of the kind of operation that a
particular item was inferred to be measuring as well as the cﬁaracteristics
of the {tem itself. That is, the difficulty of a test item may have been
unintentionally influenced by uncontrolled variations in the nonverbal
stimuli used, the vocabulary in which the items were expressed, and the
instructions given. The criteria for mastery at the various levels may
also have been at fault. In addition the multiple-choice format that
was used in each of the seven subtests may have been a source of diffi-
culty and confusion for the younger subjects who have limited repetoires
of test~taking behaviors. Such a format may also not have elicited the
full underlying competences and knowledge of some of the subjects.

The verbal nature of the assessment battery and especially of the
instructions may have unequally affected the performance of subjects
across age groups and within the age groups. Braine (1959) has written:

No theory which postulates levels of conceptual
development can be regarded as definitely estab-
lished when the supporting data are obtained
through extensive verbal communicaticr. with Ss
who differ in their ability to verbalize (p. 184).

Wwhile Braine's position is an admittedly extreme one, it does point to

the need for scraping away data variance that is a product of one's
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measurement techniques. As was mentioned in Chapter II, the CLD model
has been validated‘using an 1individualiy administered test assessment
battery (Klausmeier, Ingison, Sipple & Katzenmeyer, in press). The
format of the battery was a non-multiple choice one with less emphasis
being placed on verbal comprehension skills.

Two limitations of the present study that relate to the construction
of the assessmeﬁt battery itself and to the type of causal inferences
that can be drawn from the study need be mentioned. First, no probability
analysis was conducted on the familiarity'ieQels of the examples and
non-examples of cutting tools includeduin the battery. Such an analysis
would have permitted the selection of examples and non~examples of the
concept of known levels of familiarity, Tﬁis informacion would have
facilitated a more systematic manipulation of the non-verbal stimuli.
Second, the nature of cross-sectional research does not permit one to
infer the developmental pattern of the cognitive operations that emerge
across time within a given individual. Answers to such questions can
only be provided from the longitudinal study of the conceptual development
of individuals.
‘ An important guestion that remains to be considered is whether

children would respond to real examples and non-examples of cutting tool

as they did to drawings of cutting toq}s. It is quite possible that
children would pass both the items and attainment levels‘earlier but
in the same sequence.

It is clear that the CLD model is a powetful heuristic and practical
instrument in the study of both the internal and external conditions of

concept learning, in the conducting of behavioral analyses of concepts
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that are taught in the classroom, as well as in the examination of

the conceptual development of large groups of school-age children.
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APPENDIX A

CUTTING TOOL ASSESSMENT BATTERY

(The Cutting Tool Assessment Battery has been subsequently revised and
is being used as part of an ongoing longitudinal study)
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A. The thing on the left is used to do certain kinds o?;
work., Put an X on the thing on the right that is used
to do the same kind of work as the thing on the left.

i

B. The thing on the left is used to do certain kinds of

work. Put an X on the thing on the right that is used
to do the same kind of work as the thing on the left.

g

h L SN —

-
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3
" 1. The thing on the left is used to do certain kinds of
work. Put an X on the thing on the right that is used
to do the same kind of work as the thing on the left.
-~
TTOTTIEST™S
{
4

9. The thing on the left is used to do certain kinds of
work. ®Put an X on the thing on the right that is used
to do the same kind of work as the thing on the left.

- B

= =

— R
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3

4.

™Mit an X on the things below that are used to do the
=ame¢ kind of work.

Put an X on the things below that are used to do the

same kind of work.
- @ S

| ,
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- 5. Put an X on the things below that are used to do the
same kind of work. :

Y'YI'Y‘IV‘—'L“YI'-"I
P GV SR AP S O D"m P oo s

6. Put an X on the things below that are used to do the
same kind of work.

O ‘ -143
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7. Put an X on the things below that are used to do the
same kind of work.

A I T YT
FPOL PUTR BTTA BTN SV PV

8. Put an X on the things below that are used to do the
same kind of work.
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9. Look at the things above. Do they all have a blade that
is smooth?
a. Yes, all of them have a blade that is smooth.
b. No, only some of them have a blade that is smooth.
c. No, none of them have a blade that is smooth.

d. I don't know,

13

=~ =X <=

10. Look at the things above that have a blade that is smooth.
Are they all cutting tools?

a. Yes, all of them are cutting tools.
b. No, only some of them are cutting tools.
c. No, none of them are cutting tools.

- d. I don't know,

Q 4 ~'”j
ERIC A
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11,

12.

- 13

A
Ay

Look at the things above. Do they all have a blade that
has tr~eth? ‘

a. Yes, all of them have a blade that has teeth.

b. No, none of them have a blade that has teeth.
c. No, only some of them have a blade that has teeth.
d. I don’'t know,

14

<——mmmgy (CT ) =>

Look at the things above, Are they all things that cut?

a No, only some of them cut.
b. Yes, all of them cut.:
c¢. No, none of them cut.

I don't know,

o}
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14,

115

18

.
AS

Look at the large things above. Do they all have a blade
that is smooth?

a. Yes, all of them have a rlade that is smooth.
b. No, only some of them have a blade that is smooth.
¢. No, none of them have a blade that is smooth,

d. I don't know.

16

Look at all the things above that have a blade that is
smooth and all the things that have a blade that has

teeth. If you put them all in a group, there would be
there are cutting tools.

a, fewer of them than
b. more of them than

¢. the same amount of them as

d. I don't know.
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15.

16.

'c. No, none of them are tools.

Look at the things above that have a blade that has teeth.
Are they all cutting tools?

a. Yes, all of them are cutting tools.
b. No, only some of them are cutting tools.

¢. No, ndne of them are cutting tools.

d. I don't know. w

18

look at the things above that cut. Are they all tools?

a. Yes, all of them are tools.

b. No, only some of them are tools.

d. I don't know,,

148
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17. Llook at the things above that have a black handle. Do all
of them have a blade that has teeth?

a. Yes, all of them have a blade that has teeth,
b. No, only some of them have a blade that has teeth.
c. No, none of them have a blade that has teeth,

d. I don't know,

20

o )‘)__;

18. Look at all of things above that cut and all of the
things that do rot cut. If you put them all in a group,
there would be there are tools.

a. fewer of them than
b. more of them than
¢, the same amount of them as

d. I don't know,
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: 1
1. ‘55555*25 Knife X, Knife Y, and Knife Z have
A N sharp blades. Imagine that Knife X
. Knife X = 3 inches is three inches long and can only
withstand & small amount of impact.
- Imagine that Knife Y &8s six inches long
@ and can withstand a large amount of
impact. Imagine that Knife 7 is six
Knife Y = 6 inches inches long and can withstand only a

small amount of imoact.

Which knife should be used to cut through
a8 piece of hard wood if you want to use

Knife 7 = 6 inches 8 knife that will not break?

a. Knife X
b. Knife Y
c. Knife 7
¢€:::=E§EE§ d. It is impossible to tell without
trying them out.

e. I don't know,

2
2. ;::$f§§§ Imagine that Saw X has a sharpv blade and
= is eight inches long. Imagine that
“aw X = B8 inches Saw Y has a sharp blade and is twelve

irches long. Imagine that Saw 7 has a

sharp blade and is sixteen inches long.
ﬁjﬁ wWhich saw should be used to cut through

' 2
aw Y = 12 inches the large piece of wood most quickly”

a. Saw X
fisgggg b. Raw Y
Saw-Z = 16 ing;\;s c. Saw 7

d. It is impossible to tell without
trying them out,

/ ——_ s, T L
( T e, ‘X don't know,
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3. CEEH:EéE%
! Scissor X = 4 inches

Scissor Y = 5 inches

Scissor 7 = 6 inches

‘j\ \\
-

Sctssor X, Scissoi Y, and Scissor 2

have sharp blades. Imagine that Scissc.
X is four inches long and has a high
degree of hardness. Imagine tmat Scissor
Y is five inches leng and has a low
degree of hardness. Imagine that Scissor
7 if six inches longk and has & low degree
of hardness.

which scissor should be used if you
want a scissor that will stay sharp
when cutting many vieces of tough cloth
or material? e
8. Scissor X

Scissor VY
¢c. Scissor 7

d. It {s impossible to tell without
trying them out.

e. I don't know.

faw X, faw Y, and Saw Z are exactly
alike in -ize and sharpness. Saw X
was temp.red a&t 430 degrees, Saw Y at
520 degrees, and Saw 7 at €10 degrees,

which saw should be used if you want a
saw that will not break when cutting
through many nieces of hard wood?

a.
b.

[

faw X
Qaw Y
Saw 7

It is impossible to tell without
trying them out.

I don't know.
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)
5. < = - Imagine that Knife X has a dull blade
ST and is four inches long. Imagine that
e Knife X = 4 inches Knife Y has a sharp blade and is six
inches long. Imagine that Knife Z has
a dull blade and is eight inches long.
S BT which knife should be used to cut through
Knife Y -~ 6 inches the piece of meat most quickly?
; a. Knife X
. S BT b. Knife Y
Knife Z = 8 inches c. Knife 7
d. It is impossible to tell without
trying them out.
€. I don't know.
6
6. Saw X, Saw Y, and Saw 7 are exactly alike
----------- . in size and sharpness. Saw X was tempered
c;“~““”-3§§§ at 430 degrees, Saw Y at 520 degrees, and
Saw X Saw 7 at 610 degrees.
which saw should be used if you want a
e sAw that will remain sharp when cutting
c-“-\“;f§§§i through many pieces of hard wood?
Saw Y a. Saw X
L g —— b. Sawy
\u&
c. Saw 7
aw 7
. d. It is impossible to tell without
trying them cut.
. = 3 e, 1 don't know,

P
RW XY
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X

Saw Y

P S v——
-

Knife X

f

Knife Y

R

Saw X can withstand a larger amount

of impact than can Saw Y. When cutting
the hard piece of wood, Saw X will
break faw Y.

o
Al

more duickly than

8
b. as quickly as
¢. less quickly than

d. It is impossible to tell without
trying them out.

e, I don't know,

Knife X is larger than Knife Y.

Knife X and Knife Y have equally

sharp blades. Knife X will cwut

through a large viece of meat
Knife Y.

a, more quickly than
b. less quickly than
¢. as quickly as

d., It is impossible to tell without
trying them out.

e, I don't know.

par
3
pd
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Saw X

Saw Y

T D
Knife X

e D

Knife Y

T

Saw X and Saw Y are equally sharo,
Saw X was heated to a lower temvering
temverature than was Saw Y. When
sutting several vieces of hard wood,
Saw X will Saw Y.

n. become duller over a longer veriod
of use than

b. remain as sharp over a long veriod
of use as

c. remain sharver over a longer neriod
of use than

d. It is impossible to tell without
trying them out.

e. I don't know.

Knife X and Knife Y are equally sharvn.
Knife X was heated to & higher temvering
temperature than was Knife Y. When
cutting the hard viece of wood. Knife X
is Knife Y.

8. less likely to break than
b. equally likely to break as
c. more likely to break than

d. It is imoossible to tell without
trving them out.

e. I don't know.

b
oy
!

1473

10
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11
11‘\§§=:::=11:::::::3 The blade of Knife X is hard and -,
sharp. The blade of Knife Y is
Knife X hard and dull. Knife X will cut
through a piece of meat o
Knife Y,
SO )y, as quickly as
Knife Y
b. more quickly than
c. less quickly than
d. It is impossible to tell without
trying them out.
- e. I don't know.
12
12. m Both Saw X and SawY have sharp blades.
- The blade of Saw X is much harder
Saw X than is the blade of Saw Y., When

cutting through many pieces of hard

wood, Saw X will

m Sav Y.

Saw Y a.

b.

= .
d,

become
of use

remain
of use

remain
of use

duller over a longer veriod
than

as sharn over a long veriod
as

sharner over a longer neriod
than .

It ir impossible® tou tell without

trying

them out. .

1 don't know,

156
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13

13. A cutting tool blade that can withstand

. a large amount of impact is
a cutting tool blade that cannot

withstand a large amount of impact.

a., as likely to break as
b. less likely to break than
¢. more likely to break than

d. It is impossible to tell without
trying them out.

e. I don't know.

14

14. A cutting tool blade when heated to a
low tempering temverature "

A. remains guite sharp over a long
neriod of use

b. becomes sharver if nroverly used
over a long veriod of time

c¢c. becomes quite dull over a long
veriod of use

d. It is imvossible to tell without
trying them out.

e. I don't know.

p
944
~J
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15
15, A sharp cutting tool blade cuts
& dull cutting tool
‘EIaae.
8. less quickly than
b. more quickly than
c. A&s quickly as
d. It is impossible to tell without
trying them out.
e. I don't know.
16
16. A large kind of cutting tool
accomplishes
awmall cutting tool of the same
kind.
a. a lesser amount of cutting than
b. the same amount of cutting as
c, a greater amount of cutting than
d. It is impossible to tell without
trying them out.
e, I don't know..

158



17.

18.

147

17

A cutting tool blade when heated to
& high temvering temverature will

a. be quite likely to break
b. have a sharv blade
be likely not to break

e}

2

It 18 imoossible to tell without
trying it out.

e. I don't know.

18

A sharp cutting tool blade that
has & high degree of hardness

8. becomes quite dull over a long
veriod of use

b. remains sharn over a long neriod
of use

C. becomes sharver if oronerly ured
over a long neriod of time

d. It is immossible to tell without
trying it out.

e. I don't know.

159
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)
A 1. Below are four things. Put an X on the one that is different
from the other three.
"
L
Stop
2
2. Below are four things. Put an X on the one that is different
from the other three,
g&” = @—;"Q“‘ g::D O
-
3
Stop
\le | 161
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3. Below are four things. Put an X on the one that is different
from the other three.

<£EEEE¥25 o AT 'f'“‘?‘i&
Stop

4. Below are four things. Put an X on the one that is different
from the other three, ’ '

Stop

162
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5
o . 5, Below are four things. Put an X on the one that is different
) from the other three,
)
L]
Stop
\
6

6. S which one name best fits all of
S Gl% @ the things in Group 1 but
does not fit all of the things
in Group 27
a. batteries
b. furniture

c. tools

d. motors

e. I don't khow

Stop




15

What is the one word that best
indicates what the arrow is
pointing at?

a,
b.
c.
d.

e.

blade
stick
slice
handle

I don't know

which one name best fits all of
the things in Group 1 but

does not fit all of the things
in Group 27

a.

b.

c.
o0 e g§;:::::] d.

€.

Stop

161

measuring tools
cutting tools
tightening tools
work tools

I don't know

-



9.
Stop
10. }
Group 1
N7 - ' :
/. 4
Group 2

Stop

153

which are the words that best
indicate what the arrow is
pointing at?

a. smooth blade
wooden handle
toothed blade
d. square handle

e, I don't know

10

fits all of
1 but
the things

Which one name best
the things in Group
does not fit all) of
in Group 27?
a. sanding tools
. b. electric tools
c. power tools
d. hand tools

e. I don't know
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11

i1, which are the words that best
indicate what the arrow is
pointing at?
a. plain handle
b, smooth blade
c. toothed blade
d. round handle

e, I don't know

~
#

Stop

12

12, which of the following is the definitinn of “tempering”?
a. a filing process that sharpens a blade

b. a molding process that allows one to shape a blade
to perform a particular task

¢, a heating process which determines the toughness and
hardness of a blade

d. a polishing process that prevents a blade from becoming
rusty

¢, I don't know

Stop
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13

13.which of the following is the definition of "cutting tool"?

e‘

any tool that is used to accomplish work

any tool that has a sharp edge that is used to shape
or penetrate

any tool that is used to measure lengths or distances

any tool that has a solid metal head and a wooden
handle

I don't know

Stop

14

14. which of the following means the same thing as the toughness
of a cutting tool's vlade?

a.

€.

the amount of force the blade can withstand without
breaking

the ability of the blade to cut with and against the
grain of wood

the abil:ty of the blade to remain sharp when it 1is
used repeatedly to cut material

the size of the blade

I don't know

Stop

10O7T
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Ny

15. Wwhich of the following means the same thing as the hardness
of a cutting tool's blade?

a. the size of the blade

b. the amount of force the blade can withstand without
breaking

c. the abjlity of the blade to cut with and against the
grain of wood )

d. the ability of the hlade to remain sharp when 1t XS
used to cut material

¢, I don't know

265

L YN

(4



BEST COPY AVAILABLE

Natiens! Evaluation Commitiee

Helen Ban
imniediate Pant Mevdent
Nutional Eduention Asxiniition

{.yle E. Bourne, Jr .
Institute for the Study of Intellectual Behuvio
Univer«sity of Colorado

Jeanne 8. Chall
Graduate Schooi of Education
Harvard University

Francis § Chase
Department of Education
University of Chicago .

tivorge E. Dickson
College of Education
University of Toledo

Hugh 4 Scott
Superintendent of Public Schools
District of Columbis
H. Craig Sipe
Department of Instruction
State University of New York

G. Wesiey Sowards

Dean of Fducation

Fiorida International University
Benton J. Underwood

Department of Paychology

Northwestern University
Robert J. Wisner

Mathematics Department
New Mexico State Univermity

Esecvtive Committee

Witliam R Bush
Director, Program Pisnning and Management
Deputy Director. R & D Center

Herbert J. Klausmeier, Committee Chairman
Principal Investigator
R & D Center

Joel R. Lewvin
Principal Investigator
R & D Center

Donald J. McCarty
Dean, School of Education
Univeryuty of Wisconsin

Richard A. Rossmiller
Director
R & D Center

Dan Woolpert
Director. Management Systems

R & D Center

Faculty of Principal Investigators

vernon L. Allen
Professor
Paychology

Frank H. Farley
Axsocinte Professor
Educationa] Psychology

Marvin J. Fruth
Ansuciate Professor
Educational Administration

Juhn G. Harvey
Assucinte Professor
Mathematics

Frank H Houper
Azsociate Professor
Child Development

Herbert J. Klausmeier
V. A. C., Henmon Professor
Educational Psychology

Stephen J. Knezevich

Professor
Educational Administration

Joel R. Levin

Associate Professor
Educational Psycholugy

L. Joseph Lins
Professor
Institutional Studies

James Lipham
Professor
Educational Administration

Wayne Otto

Professor
Curriculum and [nstruction

Robert Pet2old
Professor
Curriculum and Instruction
Thomas A. Romberg
Associate Professor
Curriculum and Instruction
Richard A. Kowsmiller
Center Ihrector
Professur, Educationa!l Adminiatration

Richard L. Venezky
Associate Professor
Computer Science
Alan M. Voelker
Ansistant Professor
Curriculum and Instruction
Larry M, Wilder
Assistant Professor
Communication Arts

69



